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This work contains an account of tlie operations in the Transvaal and Orange 
River polony which completes the Geodetic Sinwey of British Africa South of 
the Limpopo, and of the connection of that work with the previously existing 
Geodetic Ti'iangulation of Rhodesia. This latter connection, nlthough not 
strictly a part of the Geodetic Survey of the Transvaal and (Grange River 
Colony, finds its place in the present volume because it brings into evidence 
the mutual agreement of these independent surveys. {See Appendix, p. xxix.) 

My own part of the work has been that of Scientific Adviser; the history 
of the inception and plan of the work will l)e found in the Introduction which 
I have written. 

The sxirvey has been auried out undei- Colonel Sir "William Moms, 
K.C.M.G., C.B., its responsible Superintendent; the account of its execution 
is fi.‘om his pen, and is supplemented by the repoiha of his sul)ordmate officers. 

The reader who may have in fixture to organise similar work in other 
parts of the world will do well to study Sir William Moiris’ Repoi*t (pp. 8-56), 
which embraces the results of his unique experience not only as a Superinten¬ 
dent of Geodetic Field Work on a large scale, hut as a practical worker in 
the field. The care and forethought bestowed by bun on all details of 
administration and tbe example of his untuuig personal energy have been 
chief factors in the smooth working and complete success of the whole 
operation, 

Mr. W. B. Robinson has rendered invaluable service as head of the Com- 
pxiting Office, and his Report (pp. 57 — iiO I) is the best proof of his tlioroxigh- 
ness and capacity. He has brought to bear upon the work the experience 
gained by him as an astrononcucal computer at the Royal Observatory, Cape 
of Good Hope, as a Geodetic comimter in connection with the Survey of Cape 
Colony and Natal, and in field and office work connected with the Survey of 
Rhodesia. 

Mr. Alexander Simms contributes the Report on the Measurement of 
Base-lines. He had previous experience in use of the Jiiderin apparatus in 
preliminary comparisons at the Royal Obsei'vatory, Cajje of Good Hope", and 
in the measurement of two base-lines in Southern Rhodesia, when he was in 
charge of the Geodetic Survey of that country. (Geodetic Survey of South 
Africa, vol. iii.) It is to his painstaking care in training the base-measuring 
party that the marked success of the base-measurements is due. 

The Reports of Messrs. Cochrane, Gammer, and Banks on the Subsidiary 
Processes of Base-measurements (viz.*, levelling, aligning, and adjusting the 
scales), are chiefiy valuable, as they refer to the methods actually employed, 
but may be of less interest in fixture, because in the more receixt forms of the 
apparatxxs, as developed by Guillaume, improved facilities are given for these 
processes. 
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It also seems probable tbat the oostly and laborious process of comparison 
■with “ ground standards ” (involving as it does the transport of a complete 
bar-apparatus, with its “ camels,” tripods, microscopes, Ac.}, can in future be 
avoided by simply comparing the ■wires used for measurement directly with 
modern standard imar spare wires, kept in reserve on drums, the latter wires 
beiug compared from time to time at the International Bureau at Sevres 
(S. et 0.), or at the National Physical Laboratory, Teddington. 

This great simplification becomes admissible on account of the improved 
methods of annealing, and other treatment of invar ■wires, which have been 
developed at the International Bureau of Weights and Measures at Sevres. 
By this treatment such a condition of molecular stability is insured that the 
constancy in length of modern Standard ■wires can be relied upon ■within 
' X : 1,000,000 per annum. Wires of this proved stability were not available 
when the present work was undert^en. 

The small probable errors of the observed horizontal angles: 

Tvz ,; ± 0"'80 when measured with 8 changes of zero, 

± 0"-39 „ „ 4 

testify to the care and skill of Mr. A. Simms and Captains Cordon and Ley 
in their use of the Bepsoid theodolites. 

It sho^uld, perhaps, be mentioned here that the adjustment of the whole 
system of the new triamgulation to geometrical consistency with the base lines, 
and with the previously closed gridiron system of triangles in Cape Colony, 
has, of necessity, produced smoU changes from the previously published 
co-ordinates and bearings of those points which occur in the chain of triangles 
between Qroot Tafel Berg and Kimberley, and in the chain of triangles between 
Port Elizabeth and Newcastle (Natal). It is therefore necessary, when any 
subsidiary triangulation has been connected with any point of which the 
co-ordinates are given in this volume (pp. 362-451), to adopt the data of this 
volume to the exclusion of the data of Volume I. Also, when the results of 
Dr. Rubin’s triangulation north of the Zambesi have been computed, it will be 
necessary to correct [see p. xxii) the whole system of triangulation north of 
the Limpopo, so as to give geodetic continuity to the system, and this will 
involve small corrections to the geodetic latitudes, longitudes, and bearings 
given in Volume III. 

The extension of the arc of meridian from the Zan^besi northwards, to 
•within 70 miles of Lake Tanganyika, was carried out under the superintendence 
of Dr. Rubin between the latter part of 1903 and June, 1906. The triangu¬ 
lation is shown in the General Map ; an account of the work and its results 
will be published in a subsequent volume. 


DAVID GILL. 



INTRODUCTION. 


The history of accurate Survey in South AMca begins when the Abbe de la La (Mile, 
Caille, in the year 1752, measured a short arc of meridian 1^ degrees in 
length from Cape Town northwards. Nearly a century later, Mr. (afterwards 
Sir Thomas) Maclear (1841 to 1848) extended la Caille’s arc southwards to 
Cape Point, and northwards to Koeburg (latitude 29® 44'). 1841-48! 

Nothing further was done either in the way of Geodetic Survey, or even 
of extensive accurate tiiangulation, until 1859, when a triangulation of the ^tuayltB. 
S.E. part of the Colony was undertaken, partly to furnish the Hydrographic 1869-62. 
Department of the Admiralty with accurate reference points by which to 
correct the then very inaccm-ate and defective state of the charts of the coast, 
and partly to afford means of better connecting the detached farm-surveys in 
tliat part of the Colony. The work was entrusted to Captain Bailey, E.E., 
and was executed under his direction, in 1859-62, at the expense of the 
Colony. 

Here progress in accurate and connected Survey ceased, farms being 
bought and sold on detached Surveys—often of the most primitive character— 
and although much excellent detached triaiigulation was done by the better' 
trained and more painstaking of the Government Land Sm'veyors, their work 
had no well defbied scale or orientation, and in most coses means were wanting 
for defining the position of local triangulations on the general map of the 
country. The result, of course, was that when these detached surveys were 
plotted in a general map they overlapped or left gaps, as the case might be, 
beacons were shifted, government ground was enclosed by private owners, and 
constant law-suits between proprietors occurred. 

Soon after my appointment as Astronomer at the Cape, in 1879,1 began 
to study the general question of the Survey of the Country. The need of 
improved methods was great, and the traditions of my office appeared not only 
to justify but to demand that some portion of my time and attention should 
be devoted to this work. There existed not only the great economic need for 
improved methods of Survey, but from the scientific point of view the need 
was no less pressing. Beyond Maclear’s short Arc of Meridian there existed 
no Survey in the Southern Hemisphere of sufficient accuracy and extent to be 
of value for Geodetic purpose. 

Accordingly 1 prepared plans for a gridiron system of chains of principal Preparation 
triangulation extending over the Cape Colony, Natal, the Transvaal, and the pinSa fnr a 
Orange Free State, and entered into correspondence with the Governments of 
these Colonies and States with the view of obtaining their joint co-operation South 
for execution of the scheme. Africa. 
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Sir Baxtle IVere was then Grovernor of Cope Colony and PTigli Com- 
Tm'nai'nfTAr for South Africa. From liis experience of Indian administnition he 
thoroughly realised the true economy of having all land surveys based upon, a 
Principal Triangulation of such accuracy that its results might bo considered 
definitive for all future time, and he gave his utmost support to my 
proposals. 

But the political and financial situation in South Afr'ica at the time 
rendered it impossible to make immediate progress. The despatches, coire- 
spondence, and papers on the subject were, however, laid upon the table of the 
House of Assembly at the Cape in 1880 (printed in a Special Blue Book)^ and 
Ministers agreed to further consider the question in the following Session. 

The history of subsequent negotiations is summarised in the Introduction 
to Volume I of the Geodetic Survey of South Africa,® and need not bo 
repeated. It is sufScient to state here that I finally succeeded in arranging 
an agreement between the Governments of the Cape Colony and Natal to 
airry out my original plan of triangulation as a joint work so far as those 
Colonies were concerned. 

A detachment of Eoyal Engineers, consisting of Captain Morris, II.E. 
(now Colonel Sir William Morris, K.C.M.G., O.B,), Lieutenant Laffan, II.E. 
(now Lieut.-Colonel La&n, C.M.G.), with fourteen non-commissioned oflScers 
and men, finally reached Durban in June, 1883, aud woi'k was at once com¬ 
menced by laying out and measuring a base-line in Natal. 

The subsequent operations in Natal and the Cape Colony are described 
in detail in Vol. L of the Geodetic Survey of South Africa®, and the reader 
may gather the general plan of the operations from the attached map of the 
existing triangulation of South Africa. 

The new Geodetic Survey described in the volume in question contained 
a chain of triangulation which passed through and included the main points 
of Bailejr'a Survey. The original report of Captain Bailey’s triangulatioii, 
from Cape Town along the south coast of Cape Colony and British KafTrnria, 
was printed and presented to the Parliament of Cape Colony in 18G3. The 
original observations were feirly good, but the printed Report is full of 
typographical errois, and the results are often geometrically iucoiisistout. 
Most of the original papers were lost by the foundering of tlie cotisiiiig 
stumer “ Waldensian,” but several copies of most of the original documents 
exist. A complete rediscussion of the whole work was therefore iiecessiuy, imd 
I desired to include in this discussion any good connected triangulation that 
might be available in the Colony; but beyond a large areain the Kuysua district, 
which had been well triangulated’ by Mr. Fourcade of the Forestry Depart^ 
ment, I was unable to obtain access to any suitable work of the kind. The 
whole work was completely reduced to geometrical consistency with the 
Geodetic Survey, and the results, pubKshed in 1901 as Vol. II. of the Geodetic 
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Survey of South Africa.® In this way all the available survey operations were 
brought into harmony. 

In my original plan for the Geodetic Survey of South Africa there was 
indicated a chain of triangles extending from the north of Maclear^s Arc, or 
rather from Port Nolloth, along the Orange River to Kimberley. It was 
subsequently found that the arid character of the country would have 
rendered this opex*ation more costly than would have been compatible with its 
importance in otlier respects, but the requisite control has been provided for 
by a remarkably accurate triangulation in Bechuanalnnd, executed by Mr. Bosman’s 
Bosman (now Geodetic Officer of the Survey Depai'tment of Cape Colony), 
extending from Vryburg westwards to the 20th Meridian, and northwards 
along the 20th Meridian to Reitfontein (lat. 26° 47')' 

Bosman’s Arc was connected in 1898, at its eastern extremity, with the 
geodetic points near Kimberley by an excellent triangulation made by Mr. 

Alston, Government Surveyor, employing a 10-inch Repsoid theodolite, similar Survey 
to that used in the Geodetic Survey. The same officer, -with the same instru- 
meot. in 1899, connected the northern extremity of Madear’s Arc with the iron of 
western end of Bosman’s chain of triangnlation. Mr. Alston’s connecting ^ 
chains are shown for the sake of distinction in dotted lines in the general “ 
map. 

In 1896 I went on a mission to Berlin, at the request of H.M. Colonial The Anglo- 
Office, to discuss with the authorities there the best means of defining the 
boundary (along the 20th Meridian) between British Beohuanaland and Survey, 
German South West Africa. An arrangement for this purpose was sub- 
mitted by Boron von Danokelman (the Geographical expei't attached to the 
Foreign Office at Berlin) and myselE, and it was finally approved on the German 
1st January, 1898 by both Governments concerned. 

The Boundary Commissioners, Major Lafian (now Lieut.-Colonel Laffixn, 

C.M.G.) representing Great Britain, and Lieutenant Wettstein, representing 
Germany, met at Beitfontein (the northern point of Bosman’s Survey on the 
20th Meridian) on the 18th November, 1898, and commenced at once to 
carry out the triangulation from Beitfontein along the Meridian of 20” E. 
Longitude to the point of its intersection by the 18th parallel of South 
Latitude, and along that parallel to its intersection by the Meridian of 21“ 

E. Longitude. 

A full account of the subsequent operations was prepared by me in 1905, 
and that Beport, together with a translation, in German, by Baron von 
Banckelman, was published at Berlin in 1906*. 

The plan of the triangulation is sufficiently shown for present purposes 
in the General Map. 


* Oape of Good Hope. Geodetic Survey of South Africa, Vol. II. Report on a re(^ou8sion 
of Bailey’s and Fourcade’s Surveys raid Hieir reduction to the ^tem of the Geodetic Survey 
by Sir David Gill, K.O.B., LL.D., F.RS., &c., His Majesty’s Astronomer at the Oape. Present^ to 
both Houses of Parliament by command of His Excellency the Governor. W. A. Richards and Son, 

Government Pimters. 11)01. ^ Ai!«s 

^ Report of the Bounda^ Sutvot between British Beohuanaland and G«rm^ S.W. Africa, 
executed by Lieut-Oolonel Laffan, R.B., Oommissioner ou behalf of Great Britain; and Lieut. 
Wettstein, and later 1^ Ober-Lieutb Doering, Oommissioners on bdialf of Germany, under the 
direction of Sir David Gill, K.O.B., LL.D., F.R.S., &o., His Majesty’s Astronomer at the Cape. 
Berlin, 1906. Printed by B. S. Mittler and Sous, Koohstraase 68. 
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In advocating the commencement of a Gteodetio Survey of South Africa, 
the following passage occurs in my Report, addressed to Sir Bartle Frere, 
dated 26th September, 1879.^ 

The proposed Meridian Series along the 80th Meridian of 'East Longitude I look 
n^on as the _ first step in a dhain of triangles which nUamately will connect Natal 
with the Mediterranean and Alexandria. This is no exaggerated statement. The survey 
of Egypt along the Nile must come, as a matter of neceaaty) in course of timA. This 
dhain of triangles could be carried without difficulty along the Nile to Lakes Albert and Victoria 
Nyanza. Thence the chain would have to be connedsd with Lake Tanganyika and south¬ 
wards to meet the Natal and Transvaal triangles at tte Limpopa We ^ow now that tl^ 
country presents no insuperable diffi^iaes, and I have no doubt that the work will ultimately be 
done. Perhaps ^the present generation will not live to see its completion, but it is a great work 
that I believe will yet be perlormed if kq>t steadily in view. 

Nothing is easier than to suggest such projects; the thing is to execute 
them. 

At pp. 157 and 158 of the Report on the Geodetio Survey o± Cape Colony 
and Natal* I have written:— 


Loohing forward to the practical omd possible progress of (J-eodesy 
the question may he ashed, 'Should not the progress made in Geodetio 
Survey in South Africa he regarded as the first step in a chain of 
triangxdMion which, approximately traversing the ZQth Meridia/n of East 
Longitude shall extend continuously to the mouth of the Nile ? ’ But this is 
not all. By an additional chain of tiiangles from Egypt along the 
coast of the Lerant and through the islands of Greece, the Afiiean arc 
might he connected with the existing triangulation of Greece and the 
. latter is already omrmted with Struve’s great arc of meridiem which 
termmates at the North Cape in latitude 70® north. 

In pursuance of these aspirations I had in 1895 endeavoured to interest the 
late Cecil Rhodes in this great enterprise. He expressed the utmost sympathy 
with it, and promised that when certain roads, bridges and railways, which 
were urgently wanted for the development of the country, had been completed, 
he would make pi'ovision for the proposed survey. 

Early in the year 1897 I had an opportunity of discussing with 
Earl Grey, who was then Administrator of Rhodesia, the desirability of 
systematic survey as a first essential to a sound system of land tenure in a 
new country, and I endeavoured to prove to him the impossibility of surveying 
a country or of granting indisputable titles to land by surveys made in a 
patchwork way. At his request I wrote a letter addressed to his lordship, 
embracing the arguments in question, which will be found at pp. 1—8 of 
Volmne HI. of the Geodetio Survey of South Afiica.® 

Further correspondence ensued, and finally, on the 19th of August, 1897, 
the work was oflElcially placed under my own direction. In planning the work 
it was necessary to keep two leading points in mind ;— 

1. To establish a chain of trianguktion from Bulawayo eastwards towards 
Selukwe and Gwelo, covering the most populated and important 
part ‘of the country. 


1 Su footoote p, vL 9 See footnote p. vL 

* Ebodetia—Geodetic Survey of Soutb Africa, VoL IIL B^rt on the Geodetic Survey of 

g !'?' w Elionesia, executed by Mr. Alexander Simms, under the direction of Sir David 

ill, ^O.B., D.Bo., LL.D., F.B.B., Ac., His Majesty’s Astronomer at the Gape. 

(Jape Times limited. Printers, Gape Town, 1905. 
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2. To extend the chain northwards and southwards along the 30th 
Meridian, in order that the work might form pai't of the arc which it 
is proposed, if possible, to extend along that meridian from the 
south of Natal to the Mediterranean. 

Mr. Bhodes, however, insisted that the chain of triangulation, before being 
carried southwards, should be first extended northwards to Lake Tanganyika. 

I have promised to find you funds to carry it there, and if you can induce 
the Transvaal to come and meet me at the Limpopo, it will he then time to 
carry it southwards and meet them.” 

A full account is given of the operations and their results in Vol. III. 
already quoted.® It is sufficient to state that the conditions for work, 
especially northwards from Gwelo to the Zambesi, were very trying, and 
progress was slow and costly owing to the fact that trigonometrical 
operations in the field could only be earned out during three or four months 
of the year, viz., from April to July. During the early part of the year 
heavy rains rendered the country impassable for wagon transport, and in July 
the natives begin to hum the grass, and the smoke from these grass-'fires 
makes distant objects invisible. Pleuropneumonia broke out among the 
transport oxen in 1899, and at the same time the members of the beaconing 
party that was working ahead wei*e all disabled by fever. A little later 
horse-sickness broke out and aU the horses died within two weeks. As a result 
of this state of affairs in 1899 and of the unexpected delays in 1901, including 
the loss of the services of Mr. Heatlie, Mr. Simms’ chief assistant, who was 
struck down at the beginning of the season by a severe attack of typhoid 
fever, three stations south of the Zambesi could not be occupied by the 
theodolite before August, when the smoke from grass fires became so dense 
that no more horizontal angles could be measured. 

For operations north of the Zambesi a new organisation had to be 
established under the administration of North Eastern Bhodesia, and con¬ 
siderable delay arose before financial and other ^ongements could be 
made. 

It seemed, therefore, desirable tp reduce and publish the results of the 
Survey of Southern Bhodesia, and they will he found in detail, together 
with an account of the operations, in Vol. III. of the Geodetic Survey of 
S. Africa.® 

The plan of the triangulation will be found in the General Map. 

Meanwhile, in 1901, I had been engaged in much coirespondence with 
Lord Milner and the officials of his staff, and also with the InteUigence 
Division of the War Office, on the subject of the Siuvey of the Transvaal 
and Orange Biver Colony. Lord Milner was convinced of the fact that 
amongst the first essentials to good Government are good maps of the country, 
but he felt that, until 1902, it would be premature to attempt a commencement 
of the work of Survey. 

Votes, however, were placed on the estimates for 1901-2, viz., £10,000 
by the Transvaal and £5,000 by the Orange Biver Colony, but no actual 
steps were taken to advance Survey operations. 


PrelimiDarj 
steps for 
starting 
the Survey 
of the 
Transvaal 
and Orange 
Biver 
Colony, 
1901. 


* See footnote p. viii. 
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Early m 1902 a considerable amount of preliminary correspondence took 
place with reference to starting Survey operations, and finally the following 
letter was written by Lord Milner’s request:— 

Botai. Obbkbtxtobt, 

Oapd of Good IIopb, 

Qth 1902. 

Re Survey of the Transvaal and Orange River Colony. 

Mt Loan, 

Beferrinff to a recent ocmvettialdon on this subject, and to some previous ix^omal 
spondence, I would now, in aocardance with your wishes, point out some of ^e prehnunary steps 
which, it seems to me, diould be taJcen in the way of preparation for the work. 

I understand it is your desire to make arranffements not only for the ^ecution of the 
primary triangnlation of the Transvaal and Orange River Colony, but to follow that work up, as 
(piioldy as possible, with the secondary triangulation and topography, and to complete in the nrst 
^ce those maps whioh are most urgently required for administrative purposes. 

The principal trianCTlation must of necessity be carried out at once as a whole, so tliat 
mapping baaed on it maybe begun in any part of l3ie country. 

U'he processes involved are 

1. Execution and adjustment of Primary Triangulation. . ^ x 

2, „ „ Secondwry ^rriangulation (sides of 8 to 8 miles). 

8. Topography and map making. 

I do not insist that these steps should each be successively completed one after the oilier,— 

although tiiat is the ideal condition. j * j 0 . 1 . 

The principal triangulation of a particular part of the country can^ be completed, tod trie 
secondary work and mapping can then follow—^provided our new principal tnang^ are first 
connected with the existing system of principal triangulation in othw parts of South Africa. _ 

I am now preparing a map^ snowing all tiie principal triangulation now executed in 
* South Africa, anoa proposed plan for the principjd triangulation of tiie Transvaal and Orange 
Biver Oolouy. This I will forward ho soon as it is ready. . . , ^ 

Meanwhile, enough has been said to show that our first start must bo prmci^al triangulatiou 
oonnected with the tnangles of the Geodetic Survey in the north of Natal, and with the mangles 
on the western boundary of the ftrange River Colony. ^ ^ -l v 4 . 1 

The instruioentB for principnl triangulation are not things kept m stock—th^ tove to toe 
made to order, and sdentific inknunent makers work slowly. I would urge the desirability cf 
having the principal instruments put in hand at once, and suggest that I may have permission to 
order such n^uments—their total cost not to exce^ £1,000. 

I have the honour to be, 

Tour Lordrihip’s obedient Servant, 

(Signed) DAVID GILL, 
H.M. Astronomer. 


Sir D. Gill 

visits 

Transvaal. 


Services of 
Colonel 
Morris 
applied for. 


At the invitation of Lord Milner, I visited Johannesburg early in July, 
1902, to discuss survey questions, and atrange preliminaries for starting the 
work. It was agreed that application should he made to the War Office for 
the services of Colonel Morris, as head of the New Survey Department, and 
the following letter was addressed; to the Colonial Secretary :— 

JOHAUUBBBUBe, 

^th July^ 1902. 

Sm, 

I have discussed with Lord Milner the soggestions made in my private letter to 
you of yesterday^s date with refeorence to the methods which should be adopted for the intto- 
colonial adjustment of costs of Ordnance Survey of the Transvaal and Orange River Colonies 
which is about to be undertaken. 

These suggestions are the following 

1. The general principle should be accepted that the cost of Survey be ultimately divided 

between the two Colonies in proportion to the area surveyed or mapped in each. 

2. That the whole of the salaries and other costs of the two surveys should be paid for in 

the first instance by the Government of the Transvaal 

8. That contributions to the cost of the General Survey be paid to the Government of the 

Transvaal from time to time in round sums the Orange River Colony. 


« The map in question was forwarded on the 81st May. 
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4. The Superintendent of the Survey ishall from time to time indicate the amounts of pay¬ 
ments to be made under para. 8, so that, rouj^hly spetdong, when a final adjustment of 
accounts comes to be made, there may remam no very large sum to be paid on either 
side for the final adjustment of accounts. 


Lord Milner approves of this proposal, and suggests, that if it is also ajwoved by you it 
should be submitted for approval of the Government of the Orange l^ver Colony, and, 
if approved, be adopted 

I have the honour to be, etc., 

(Signed) DAVID GILL. 

n.M. Astronomer. 

The Colonial Secretary, Pretoria. 


On the 10th July, 1902, the Executive Council pajssed the following 
Minute :— 

Considered the following proposals by the Colonial Secretary on the subject of the Ordnance 
Survey of the Transvaal and Orange Elver Colony. 

1 . That the post of Superintendent Ordnance Survey, Transvaal and Orange River Colony, 

be offer^ to Colonel Morris, E.E., on a salary of £1,500 per annum, plus a local personal 
allowance—^while Colonel Morris holds the office—of £250 per annum, witlx Captain 
C. G. Close, R.E. as his assistant on £1,000 per annum, the appointments to commence 
from dates of assumption of duty. 

2 . That the Government of the Transvaal shall make such payments from time to time as 

may be necessary, and that the proportion due by the Orange River Colony shall be 
adjusted twice yearly on the report of the Superintendent, Ordnance Survey, who 
shall assign the cost in proportion to the value of the work actually done in each Colony. 

That the progreunme for the Grand Triangi^tion proposed by Sir David Gill, Astronomer 
Royal, be approved as a basis for the guidance of the Supeorintendent, Ordnance Survey. 

That any excess required for the working of the two main surveying parties for the current 
finandal year, oeyond the £6,000 provided ia the Estimates, te met in Supplementary 
Supply. 

Proposals agreed to, subject to approval being received from the Lieutenant-Govemor of 
the Orange River Colony. 

O.S. 6668/02 Ordnance Survey of Transvaal and Orange River Colony. 


On my return to Cape Town, the following letter was addressed to the 
Colonial Secretary, Pretoria:— 

Royal Obbbbvatoet, 

Caps or Good Hofb, 

6ih August, 1902. 

Sib, 

In accordance with the results* of conversations with Lord Milner at Johannesburg, and preliminary 
with yourself at Pretoria, I have discussed with Colonel Morris a number of matters in oonneotion Eatimates ^ 
with the Survey, and have prepared some preliminary estimates and proposals, your sanction of ^ (jost of 
which would greatly facilitate the oommenoement of 'regular operations. Survey. 

(1.) The enclosed annexure No. 1 gives an approximate estimate of the cost of starting 
work in tiie field on the scale which is contemplated by the instructions which I drafted 
in connection with Colonel Morri^a appointment We estimate these as rather outside 
figures, having regard to our nnoertainty as to the cost of work in the Transvaal 
generally. 

The cost naturally divided itself into two classes, viz.,—Outfit and Annual oharjo^ 

To start two complete parties in the field 'mil require a capital outlay for outnt of 
£4,000, distributed as follows 


A 


Ll4 


transportable Observing Huts, at £80 
specially made Cape Outs, at £76 
scotch Carts with springs at £25 


^ /Tents and OooKng Equipment 
\Hames8 and General Eqnipme 


qnipment 


o.{ 


24 Horses* at £80 
56 Mule sat £80 .. 


£ 

160 

800 

850 


810 

720 

1,680 


810 


598 


D. Oontingeades 


2,400 

192 


£4,000 


Tlie alDove equipment is explained in detail in Annexure No. 1. 
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Items under head A require to be specially made, and I recommend that Oolonel 
Marris be empowered to order these articles where former expoiience showed Ihat 
th^ could be sapplied of the most durable and suittible kind. 

If this could be g^ranted now much time would be saved. AitiolcH under head B 
require less time to make, and we could afford to wait a few weeks before ordering 

tllATTI- 

Harses and mules (under head 0) can probably be purcliased from the military 
department when required. 

ContingeuGies (head D) are only introduced to balance the Estimate. 


(2.) The Estimate of Annual Expenditure, viz., J618,7C0, provides for two complete field 
parties, and the pay of Supenntendeiit and Assistant Superintendent. 

It may naturally be asked, why provide for tlie two latter oIHrers, who apparently 
are without duties beyond those of supervision ? The answer is that when these officers 
have organised the commencement of the work of tlie two tidgonomotrical parties, tliey 
will be free to organise the work of base measurement, and will tliemsolves Tindertakc 
that work, employing men temporarily employed and trained for lh(i puiTWHc. It would 
be economical for them to complete .the uaso measuremeui} of all tiio base lines for Iho 
whole system whilst they are about it. 

By the time that is done the third trigonometrical party could be started, Oarytain Close 
meanwhile devoting himself to the organisation of a School of Topography, and the 
train^ of men for the topographic work. Oolonel Morris would by this ’time have 
sufficient data coming in to start his Oomputiiig Office, and lye devoting himself to the 
general organisation of his department, including prepiuration of the plant for produotioii 
of maps, &c. 

The annual cort of the base line measurement will bo considerably 1c‘hs than that of 
the third trigonometrical party, so that according to thoso plans the total tueponditure 
would not exceed £25,000—which is the rate of oxpentlilure agreed upon—iii(;luciiinr 
provision of £1,000 for instrumenla 


(3.) In ihe next year there would bo a saving of Capital outlay of £0,000 as oompaawl with 
the first yew, which would bo available for the commencement of secondaiy triaugu- 
lation and the training of toiiograpliers. 


(4.) As the wwk advanced the amount of primary triangulation might be redurod, and one, 
San ^ fliarvey porticH could be triuisfcaxed to sooondary 


and 


Tdo require heliogragh parlies aLlachod to them, 
I think also it will be possible to tram loss highly paif men for this work, so that 
eadi year, aa the work moc^, the ej^wnditiire will he thrown more and more on 
pography and map production, and the senior Held officors will become suixsTintouckuita 
oan^OT^le engaged on Uio topography of a 


C6.) How far it wUl be desiroble or possible to employ the natives of India for the work of 
plane-tabling (topography) must remain for future experiment. 

nf ^ written to the Surveyor-aenernl of India for tho loan 

of two officers and signallere for service between the Zambesi and Tanganyika. If tho 
e^^t succeeds lhae, it may be worth while to consider whethei ffivwof InSS 

^ fiJ^her foreshadow the details of the work Sufficient has been 
“““ ^ estimates which are submitted, and the general troudS 

100 S ^ ^ necessary to erect a shed 

Obse^l^GroSTiwillobtair^ 


I have the honour to be, 

Sir, 

Your obedient servant, 

(Signed) DAVID GILL, 

H.M. Astronomer. 
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Aunexure No. 1. 


Eht tm-ATHM in OoNNECmON WITH CoST OP OrDHAHOB SuEVBT OP THB 
Traitsvaal and Orange Rivbr Colonies. 


Superintendent, Colonel Morrie 

Assistant Superintendent . 

• a • • 

■ • • • 

£. 

Outfit 

£. 

Annual 

£. 

1,760 

1,000 

No, 1 Trigommetrical Party, 





Captain. . ILF. . 

Booker and Accountant, &c. .. 

Conductor . 

8 Natives and food . 

Food and shoeing for 10 horses (2 carts) 

„ „ „ „ 4 mules (1 Scotch cart) 

Contingencies. 

• • *1 

• • • • 

• • * a 

.. say 

■ a • • 

800 

200 

175 

400 

300 

144 

221 


2,800 

2 Cape carts, with hoods, &o.. 

1 Scotch cart on springs . 

Tents and cooking uteimilH . 

Observing hut (transportable) . 

10 Horses, for 2 Cape carts and 2 span 

4 Mules for spring cart . 

Equipment—harness, &c. . 

Sundries . 

.. at £75 

1 « • ■ B 

• • ft • 

• • at £80 
■ • at £80 

150 

25 

00 

80 

800 

120 

60 

6 

800 


No, 2 TrigoMmotrical Party, 





As in No. 1 . 

«• • • 

• • • 

.. 800 

2,800 


No, 1 ReaonmiasoiUid Parly, 


Lieutenant Dunman, ILEl. 400 

2 NativeH and food . iOO 

Food and tdioeing for 4 miiloH. 144 

» >. » )i ahorsiw . 72 

OonliiignuoieH. 8-1 


Scotch cart ou Hpriiigs. 

PuruliBHe of 4 mules. 

„ „ ^liurueu. 

Teats and cooking equipment. 

Equipment for horses, saddles, dec. .. .. .. . • 


25 

120 

00 

14 

20 

11 


No. 2 Recoimaiatanot Party. 
(Captain Campbell, Ii.A., or a Lieutenant, B.B.) 
Cost as of Na 1 . 


250 


250 


750 


750 


1 Beaconer . 800 

2 Natives and food .* .. •. • • 100 

food and shoeing (4 mules). 144 

Contingencies •• .. .. .. .. .. ** 2G 


1 Scotch cart on springs 

4 Mules. 

Tents . 

Equipment .. .. 

Contiogenmes .. 


25 

120 

14 

16 

16 


p70 


190 


Carried forward 


2,290 


9,420 
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£ 

Brouglit forward. • 

No. 2 Beacomng JParty. 

Aa above . 

4 Heliograph Pariiee for Trigonmneifical Party No. !• 


4 Hdiographeora . at £200 800 

8 Natives .at £60 400 

Food and shoeing for 16 mules . 57G 

Gontingeades .. . .. 104 

4 Sootch carts on springs . 100 

16 Mtdes .at £80 480 

4 sets of tents and coding utensils. 56 

Bquipment—^harness, &Gp *. .. .. .. .. 60 

Contingendes. 64 


4 Heliograph Parties for Trigonometrioal Party No. 2. 
As above . 


Additional Cost of Srd Survey Pai'iy. 



Equipment. 

Annual 


£. 

£. 

No. 8 Trigonometrioal Party .. 

800 

2,800 

Reconnaissance Party. 

250 

760 

Beaconiug Party . 

]90 

570 

4 Heliograph Parties. 

760 

1,880 


Annual 

Outfit 

■ * • • 

mm mm 


Outfit. 

£. 

2,290 

Annual. 

£. 

9,420 

190 

570 


1,880 

7C0 


760 

1,880 

£4,000 

£18,760 

2,000 

6,700 

0,000 

. . • • 

19,450 

6,000 


Total 


£25,450 


The Honourable, DAVID GILL, 

ITie Colonial Secretary, 

Pretoria. 


Sir David 
Gill ap¬ 
point^ 
Scientific 
Adviser to 
the Govern¬ 
ments of the 
Transvaal 
and Orange 
River 
Colony. 


After a good deal of farther correspondence a letter was received to the 
effect that Colonel Hoskyns, E.E. had sailed on the 24th September to relieve 
Colonel Morris from his duties as O.R.E. at Cape Town, so that the latter’s 
services would be available for the Geodetic Survey of the Transvaal about 
the 25th October. 

Many duties at the Cape prevented me from taking direction of the 
Survey, and my connection with it was defined, at my own request, as 
follows:— 

High Oosuossionkb’s Ovfiob, 

Jouakkesbuhg, 

lUh Octoher^ 1902. 

Sir, 

The Governments of the Transvaal and the Orange River Colonies have, as vou are aware, 
resolved to undertalre an Ordnance Survey, and in accordsnce with your advice, have appointed 
Colonel Morris, B.li)., O.B., O.M.G., Superintendent of the Survev in q^uestion. 

Having regard to the active interest which you have taken in the promotion of accurate 
Survey Operations in South Africa, and knowi^ your desire to promote the extension of tiie 
Great Geodetic Arc along the 80th Meridian whiw you have projected and already so far cairied 
out, 1 am desirous of having your advice on aU matters connect^ with such operations in South 
Africa. It seems to me tiiat in this wi^ only can that unity of purpose and design 1)6 maintained 
which is essential for the efficient and economical arrangement of tiie work in the different 
Colonies, and thejr combination as % harmonious whole. 
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As all accurate Survey Operationa in South Africa subsequent to 1870 have been carried out 
either under your direction or in accordance with plans laid down by yoU) I trust that I may 
reckon upon your assistance as Scientific Adviser to the Governments of the two Colonies in all 
matters connected with Survey Operations, and T enclose a copy of Colonel NTorrjis’ letter of 
appointment in writing, in which I ventured, basing mywlf on your verbal asam*ances, to assume, 
that you would be prepared to acce^ that honorary positioiL 

In the meanwhile I should be glad if you would take steps to secure the instruments 
necessary for the work—the cost of which, I understand, will not exceed £1,000. 


I have the honour to be, Sii', 

Tom* obedient servant, 

(Signed) MILNER, Governor. 


The duties of Colonel Morris were defined as follows:— 


Hiun Oomhebsionbe’s Ofpiob, 

JOHANNBSBUnG, 


14 Oclober^ 1902. 


SlB, 

I have the honour to inform you that tlie Goveimmeuts of tlie Transvaal and tlie Orange 
River Colonies have decided to set on foot as soon as possible a systematic survey, having for m 
object the construction of complete naaps of both Colonies on a scale or scales to be subsequentiy 
determined. 

The emoluments of the post of Superintendent of tliis Ordnance Survey are fixed at £1,500 
per annum, but having regard to your previous experience in the Geodetic Survey of the Cape 
Colony and Natal, your seniority in rank, and the fact that your acceptance of the post may have 
the effect of diminishiiig your ultimate retiring pension from the Imperial Service, tlie salary 
would, in the event of your acceptance of the post, be accompanied by an annual additional 
allowance of £250. 

The principal triangulation is to be carried out on the general plan shown on the map 
prepared by Sir David Gill, with which, it is understood, that you concur. Of this principal 
triangulation the following portions are to be first underiAken:— 


1 . A chain of triangles running along the 80th Meridiau, from tho uoi'thern end of the 
Geodetic Triangulation of Natal to the Limpopo. 


2 . A chain of triangles running through the Orange River Colony from tlie exisliug Qeodetio 
triangles a littie north of Kimberley, eastwards to the northern triangles of the Geodetic 
Survey of Natal. 


When the triangles of the first of tlie above-mentioned chains roach the latitude of 
Johannesburg, a base Tine will be measured on suitable ground between Newcastle and that poinl, 
and povisiou will be made for a tliird Qoodetio party in order to push on the longitude chain 
which runs eastwards from Mafeking, and also to complete the junction between Maf^ring and 
the tiiangles connecting with Kimb^ley. 

Meanwhile prepa^tion will have to be made for setting ou foot secondary triangulation of 
the country in the neighbourhood of Johannesburg and Pretoria, as well as Bloemfontein, as the 
Govemments are most anxious to have maps of the country at the earliest date that is consistent 
with the definitive execution of the work. 

In the event of your acceptance of the post, you will confer with Sir David GUI on the 
details of Reparation—instrumental and otherwise—as the Govemments Qiaving regard to the 
iuterest which Sir David Gill has taken in promoting Survey Operations in Sk)uth Amoa) regard 
him as their Sdentiflo Adviser in such matters, and are desirous of working in harmony with his 
general plans, especially in connection with his proposed Great Arc of Meridian- 

Whilst you will report and be directly responsible to me as the Governor of the two Colonies, 
and will coxrespond with me on all matters connected with the Survey, you will maintam 
correspondence with Sir David Gill, and furnish him with any data he may desire in connection 
with the work, in order to enable him to preserve the continuity of his reports on the progress of 
Survey in South Africa. 


I om, Sir, 

Yours faithfully, 

(Signed) MILNER 


Colonel Morris, RE., 
The Castle, 

Cape Town. 


Colonel 
Morris 
appointed 
Superin¬ 
tendent of 
the Survey 
of the 
Transvaal 
and Crange 
River 
Colony. 
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Proposals It will be seen that, thus &ur, it was Lord Milner’s desire to carry out 

Ww^ce Trigonometric and Topographic Survey of the Transvaal and Orange 

fora River Colony, In 1903 I received a letter from the Colonial Secretary in 
topo^ldiic Pretoria, dated March 18, informing me that the War Office was desirous of 
British a having topographic maps of aU South African Colonies, and that it was 
^rica, prepared to contribute, up to certain limits, the pay of aU the officers and 
men required to do the work, and inviting me to come to Pretoria as soon as 
possible to concert measures. It was impossible to comply with this invita¬ 
tion at once, for I was then organising the expedition, under Dr. Rubin, 
which was to sail from Cape Town on the 25th April for Chinde, and 
thence up the Zambesi to Zumbo, for measurement of the arc of Meridian 
from that point to Tanganyika, but I promised to start for Pretoria on the 
8rd of May. 

On arrival at Pretoria I ascertained, from correspondence there placed 
at my disposal, that this proposal for co-operation on part of the Imperial 
Government had arisen out of a suggestion made by Colonel Morris in course 
of an informal correspondence with Colonel Trotter, R.A., who was at that 
time in the Intelligence Department of the War Office, 

In a letter, dated December, 1902, Colonel Mon-is wrote to Colonel 
Trotter as follows:— 

I think this (the topographical survey of 9. Africa on a uniform plan) can only be done 
by some kind of oo-operalion between the War OfBce and the Colonial Governments 
concerned. What form this oo-operation is to take is a difficult matter to deoid^ but 
one way of arrongiucr would be for the War Office to mve the services of officers, 
ndn-oonunissionea olSoers and men , . . , . .—^Uhe Colonial Governments paying 
the dlfle^enoe between re^joental pay :,o£ tiie' Several raaks "juiid. Ibe salaries pro¬ 
posed . 

of co-operation, they should be called tmooi, thbmsd'm, '.to' fbraai^ts '{hek 'UCaS .at' to 
the kind of map they require. The War Office Committee and the Committees'Of.ti^ 
several Colonies sbomd come together at some definite time and place to disooss the 
whole problem of ways and means and of delineating the topography of the country 
and the particular forms and details of tlie maps that ore to be produced. 


ffir David After a good deal of discussion with the various heads of departments at 

Pretoria, the following minute, dated 9th of May, 1903, was prepared and 
and Johan- handed to the Colonial Secretary for submission to the High Commissioner 

Wsir^ce aiTival that day in Pi’etoria fi’om Johannesburg:— 

proposals 

im 


Pretona, Transvaal, 

9th May, 1903. 

Sir David “ MriTOTB with reference to a despatch from the Secretary of State to the 

^o^ Vt r Commissioner, dated 21st March, 1908, on the subject of a General 

principal Topographic Survey of South Africa.” 

triangbla- 

tion of 

Transvaal The proposals contained in the above-mentioned despatch should largely affect the policy to 

and Orange be followed in connection with the Suivey of tiie Transvaal and Orange River Colony. 

River The proposal is that, as the War Office is interested in securing reliable topographic maps of 

Colony be the whole of British South Africa south of the Zambesi, the Imperial Government would be willing, 
completed on certain conditions, to grant the regimental pay of officers, non-commissioned officers, and men 
before tlie for ^t woik to the extent of about £5,000 a year, provided that the various South .^rican 
topographic Coloules would agree to provide the additional local pay and other expenses connected with the 
survey is work, estimated to amount to some £26,000 a year. 

begxm. 'With this expenditure it is estimated that the work would be completed iu 15 to 20 years. 
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It iB obvious tbat the details of the terms of agreement between the Imperial Government 
and the South African Colonies will require consideration; but the general principle should be 
accepted for the following reasons:— 

(1.) The economy in organisation and execution of the work resulting from its control being 
centralised. 

(2.) The perfect uniformity of system throughout South Africa which could be thus seom’ed. 

(8.) The assurance of considerable aid from the Imperial Government 

(4.) The demonstration of the advantages of luter-Oolonial co-operation and the promotion of 
Federation. 

Granting then that such a policy is likely to be adopted, how does this affect our present 
survey policy ? 

There exists at present in the Cape Colony and Natal a compleLe system of principal geodetic 
triangulation. A good deal of geodetic work has been done in Southern TUiodesia. ft seems 
then desirable, in the first place, to put the Tmusvaal and Orange River Colony on the some 
footing as the (Jape Colony and NatcU in the matter of principal triangulation; that is to s-^y, to 
devote all available survey funds to the completion of the principal triangulation as quickly as 
possible. 

With the knowledge we now have of the cost of work here this can be very closely computed, 
1 have p^one very carefully into the matter with Colonel Morris, and find that, with an annual 
expenditure of £25,000, the principal triangulation of both these Colonies could be completed in 
three years. 

we estimate also that the area covered by the principal triangles will be in the proportion of 
7 to 18; so that if the Orange River Colony would contribute £7,000 a year instead of £5,000 os 
at present, and the Transvaal £18,000, the final settlement would not leave much to be paid by 
one Colony to the other when the actual areas covered by the triangles are measured. 

We are also agreed that the work can be most economically done on a total expenditure of 
£25,000 per annum, as this will enable us to throw a complete survey party into the Orange River 
Colony in addition to the parties working in the Transvaal, and that, in order to prevent delay, 
the Transvaal should put £20,000 on tiie estimates for the Finanoial Tear 1008-4 in case of 
refusal on part of the Orange River Colony. 

Also that the sum of £2,600 should be advanced to Colonel Morris at once to procure equipment 
for the additional field work, and have all ready to start on the new basis in the beginning of 
July—the new Finanoial Tear. 

(Signed) DAVID GILL 


The following minute was passed by the Executive Council on the same 
date (9th May):— 


The Colonial Secretary, with the concurrence of the Commissioner of Lands, introduced for 
the consideratiun of the Council certain proposals of Sir David Gill, providing for the early oom- 
pletion of the principal Triangulation Survey of the Transvaal and Orange River Colony now 
being undertaken under the supervision of (Jolonel Morris, C.B., G.M.G., K.Q., and for the oom- 
meucement thereafter, with the co-operation of the Governments of all the Britirii Possessions in 
South Africa and of the Imp^l (roveruinent, of a General Topographic Survey of all Britmh 
territory south of the Zambesi under oentralised control 
The proposals involve;— 


Executive 

Council 



GUI’s pro¬ 
posal. 


1 . The consent of the Transvaal Government to contribute from £54,000 to £60,000, aooord^ 

ing to the amount of the contribution of the Government of the Orange River Colony, 
during the next three year^ of the federal budget towards the cost of the Piinoipal 
Triangulation Survey. 

2 . The consent of the Transvaal Government to an expenditure from its revenues of a 

proportion of the amount required for the completion of the (^eml Topographic 
Survey, on the basis of contrilmtion to be arranged between the Impeiial Government 
and the Governments of the Briti^ Possessions in Soutii Africa. 


It has been ascertained that as the War Office is interested in securing reliable topographical 
maps of the whole of British South Africa south of the Zambesi, the Impmial Government would 
be willing, on certain conditions, to lend for the work the necessary Officers, Non-commissioned 
Officers and Men of the Corps of Royal Engineers and to grant the regimental pay of these 
officers and men. 

Sir David GUI has kindly consented to place his services at the disposal of the Transvaal 
Government in the negotiations whioh wUl j^ve to be undertaken with the Government of the 
Qran^ River Colony to secure its concurrence in the expenditure necessary to complete the 
Principal Triangubtion Siurey of the Transvaal and Orange River Colony, and in the negotia¬ 
tions which will have to be undertaken with the Imperial Government and the Governments of 
&e British Possessions in South Africa to seoure their co-operation in tfie scheme of the General 
Topographic Survey of the whole of British South Africa, 


Resol vui>:— 

1 . That the proposals are _approved, 

(14181) 


b 
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2. That the Transvaal contribute during the financial year 1903-4, the sum of £20,000 or 
such less sum ns will, with tlie contribubion to he provided by the Government of the 
Orange Hiver Colony, make up a total sum of £25,000 to the federal budget fern tlie 
PrinSpal Triangulation Survey of the Transvaal and Orange River Colon^r, and a similar 
snm for the same purpose in succeeding years uutil the work of the Prinoipal Triangula-' 
tion is completed. 

8 , That to enable Colonel Morris to prooime at once the additional equipment required for 
the extended scheme of field work which will, on the new basis, be starts in the 
beginning of July, a sum of £2,500 be tron^erred from the Tote allowed to the 
Surveyor-General in the estimates of the current financial year for Minor Triaugulatiou, 
£5,000, to the credit of Colonel Morris. 

4 . That the Governments of the vaiious British possessions of South Africa be approached 

with a view to the securing of their co-operation in the General TopoCTaphical Survey 
to be commenced as soon as the Princip^ Triaugolation Survey of the Transvaal and 
Orange River Colony has been completed. 

5. That the Impeiial Government be asked to state definitely what contribution it is prepared 

to msike towards the expenses of tho General Topographical Survey. 

6 . That the Government of the Transvaal graiefnlly aoo^ts the offer of Sir David Gill to 

represent its interests in the negotialioiis with the Government of the Orange River 
Oolony, in connection with the contribution that that Government will be a>sked to make 
towards the completion of the ]?rincipal Trianguktion Survey of the Transvaal and the 
OranjTO River Colony, and in subsequent negotiations with the Imperial Government and 
the Governments of the various Bntish poBsessions iu South Afnca in oonnection with 
the General Topographical Survey. 

7 . That the thanks of the Government of the Transvaal be conveyed to Sir David Gill for the 

readiness with which he has placed his high scientiGo attainments and experience at the 
disposal of the Government, to tho great advancement of its schemes for securiog the 
correct and adequate cartography of the Ti'ansvaal. 


The matter was put into practical form hy the following despatch 
addressed by His Excellency the High Commissioner to the Governors of 
the various South African Governments;— 


Sir David 
Gill’s 
mission to 
different 
South 
African 
Govern¬ 
ments. 


His ExceUenoy the High Oommisaloner to His Excellency t^e Govatmor. « . • 


Brn, 

I have the honour to inform you that I have received a Despatch from the Secretary of 
State, relative to the undettsdong of a systematio and uniform survey of the whole of British 
South Afrioa south of the ^mbesi. 

The Secretary of State is of opinion, and I o^ree, that the makmg of suoh a Survey is of 
first-class importance, and lhat it would greatly facilitate the Uivil Admnistration and develop¬ 
ment of the countiy. 

This proposal is accompanied by an offer on the part of the War Office to supply the services 
and regimental pay of a military staff of officers and surveyors from the Ordnance Survey 
Department ctf England, and the suggestion tliat a Central Office should be established for the 
execution of the work; the various South African Civil Govenunents supplying the difTerence 
betweeu the regimental and Ooloiiiol pay and the other coals of the Survey. 

The details of the proposal may be gathered from the origmal despatch, a copy^ of which is 
attached. These proposals have b^u coinmunioated to Sir David Gill, K.O.B., who is now on a 
visit to the TraDBvaaf, and he lias expressed the opinion that, in view of the saving that must 
arise froQi centralisation of the work, and the advantage of securing uniformity throughout South 
Africa, the general principle suggested by the Secretary of State should be adopted. The 
assurance of considerable aid from the Imperial Government should also, he thinks, influence the 
various Colonies iu favour of the scheme. 

As regards the execution of the work, Sir David Gill poinls out that in the Gape Colony and 
>latal a complete system of geodetic triau^ation already exists, nnd that a good deal of geodetio 
work has b^ done in Soumem Rhodesia. He considers that the first thing to do is to place the 
Transvaal and the Orange River Oolony on the some footing as Oape Colony and Natal in the 
matter of principal triangulatlon, that Is to say, devote all available funds in these Colonies to the 
completion of liie principal trian^alion as quickly as possible^ I have accordingly aiTanged to 
place the sum of £26,000 on the joint estimates of tliese Colonies for the financial year 1903-4, and 
Sir David Gill and Colonel Morris estimate that a like annual expenditure for three years will 
suffice to coinplete the principel triangulation of the Transvaal, Orangje River Oolony, and 
Basutoland. The final adjustment of accounts betweeu these territories will be ultimately made 
by dividing the total cost in poportion to the ama covered the principal triangles in each. 

The prinoipal triangulation of the Transvaal could also, at very small expense, be extended to 
the territory recently acquired by Natal by the survey parties under Colonel Morris, and the 
proportional cost ch^ged to that Oolony. 

For the more oomplete connection of the piincipil trianralation in the Orange River Oolony 
|Mid B^tolafld wjith me eystem of trj%ngulation m the Oape Oolony, it is, in Sir David Gill’si 


Johonnedburg, 18tA if ay, 1908, '' 
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opinion, desirable lo make short extensions of the arcs on the 26th and 28th MAr ifimnq . this could 
also be easily and eoonondcally accomplished by the survey parties under Colonel Morris, and the 
proportional oost charged to the Gape Oolony. 

With regard to Southern Rhodesia, Sir David Gill is of omnion that the principal triangulatiou 
■will be sufficiently provided for -wben a oonnecrion has been made along the SOthMeridian 
between the northern triangles in the Transvaal and the existing triangles in utiwinaia This 
could be most economically acoompliHhed when the Transvaal survey parly is engaged on work 
near the Limpopo. The cost of the work might be charged to the Kiodesian Admmistrataon in 
proportion to the area covered by the triangles on conclusion of the principal triangulation in the 
Transvaal aud Orange River Oolony. 

Having :^ard to the desert oliarooter of a great part of the Bechuanaland Protectorate, and 
the fact that its most valuable parts are adjacent to the chain of principal triangulation along the 
WesteiTi Border of the Transvaal, the principnl triangulation of the JProtectorate seems, it all 
events for the present, ti be sufficiently provided for. Thus it appears that, with the existing 
organisation, ^d with the cousent of the Governments of the Oape Oolony, Natal, and Rhodesia, 
to the extension of the Transvaal and Orange Biver Oolony triangulation above suggested, 
provision is already made for completing all tiie necessaiy principal triangulation south of the 
Zambesi within tliree or four years* 

It remains now for consideration in what manner and on what basis steps should be taken to 
give effect to the proposal of the War Office, 

This OToposal has been considered very carefully from the point of view of Civil Administra¬ 
tion by Sir David (HU in conjunotioii witli tlie Heads of the Administrative DepartinenlB of the 
IVausvaal, and a i»eport lias lieoii propped by Lieut-Colonel Jackson, R.B., Surveyor-General of 
the 'IVonsvaal, in whioli the opinion is express^ fin which the Heads of Departments unanimously 
coiKJurJ that a scale of lialf-an-iucli to the mile is too small for administrative pmposes, except 
where land is of small value, and that in coseH where tliere is desert or wide featureless tracls of 
small value, a scale of ^ inch to the mile would suffice. For the Transvaal it is estimated that, • 
roughly speaking, one-half of the country should be surveyed on the'scale of one inch to the mile, 
or, prrferable, 1 in 50,000 (1 inch corresponds to 1 in 68,000), seven-eighths of tbo remainder on 
the Wuch scale, or, preferably, 1 in 10,000,000, and the remaining one-sixteenth on the scale of 
1 in 200,000* 

Tlie relative costs of tlieae various scales of survey are estimated to be as nearly as possible 
proportional to tlie scale: thus the scale of 1 in 60,000 would cost double that of 1 in 100,000 
and four times that of 1 in 20,000. It is, of course, impossible for me to recommend what scales 
and methods of m^ing should be adopted by governments outside the ^ansvaal aud Orange 
Kver Colonies. The whole matter is full of technical questions, and can only be settiedby 
discussion between the various Governments and some person technically capable of doing so. 

As T am desirous of prei^ng a plan for taking advantage (jf the Imperiid propoe^, I have 
requested Sir David Gill to aisousH these details witli your (Jovonunent and lo nscserlain in the 
first placjo whetliei* tlioy are in favoim of tlie general principle mvolved. My view in the matter 
generally is os follows:— 

1 * Tl)at a^ general statement of the roquii’ements of tlie various Ooloniei^ should be prepared 
by Sir David Gill, after he has ascertained the views of the various Governments, for 
submission to His Majesi^s Government, and that an endeavour should be made to 
arrange a scheme in aocordauce with the views of all concerned. 

2 . Wlien such an arrangement has ho&a arrived at, ste^ should at once be tedeen for the 
formation of a Central Office and Organization to undertake the secondary triangulation, 
minor triangulation, and topography of British South Africa south of the ZambeaL 

8 . That, as a principal triangulation of tlie Oape Oolony and Natal is now completed, the 
minor trhmgulation and topography should be begun in these Oolonios without delav. 
For this purpose I suggest tiiat the equipment should be on the soale contemplated m 
the proposal under consideration, visL, an annual expenditure of £25,000 in addition to 
the military pay of Officers and Survevors of the (Jrdnonce Department, and that this 
expenditure should, until the principal triangulation of the rest of Briti^ South Africa 
lias lieen advanced to the required stage, be defrayed hy the Oape and Natal Govern¬ 
ments jointly. 

4 . After three years or so, as soon as the principal trianmlation of the^ Transvaal and the 
Orange Raver Colony has been completed, I propose tl^t these Oolonies shall add to the 
common fund an aimual sum of like amoimt, so that the strength of the survey party- 
may Ijo doubled, and the work also carried on there. 

6 . After a year’s work in the Transvaal and Orange River Oolony, when the cost of the 
different scales of survey per 100 square miles has been approximately osoertEuned, the 
work shall be begun in Rhodesia and the Bechuanaland Protectorate, and annual 
subscriptions to the general fund arranged in proportion to the area and scale of map to 
be produced in each Oolony or Protectorate. 

The whole plan should be so arranged that, as nearly as possible, the annual subscription will 
in Uie end lead to tiie payment of comparatively small sums in the settiement This final 
setileineiit i^ould be based entirely on the area surveyed in each, combined with the scale of the 
map. Thus areas surveyed on the scale of one inch to the mile (or 1 in 60,000) should count 
two areas, those on the ^-iuch scale (or 1 in 100,000) should coimt one area, and those on the 
i-indh scale (or I in 200,000) should count half an area. These values are the ne^t possible 
approxhnation to the actual cost; they maybe so accepted, or be liable to modification after 
dwcusaion or tiiaL This appears to me the basis of a fair working arrangement; bu^ as already 
stated, the deMs require very thorough discussion and adjuatinent to suit the views of all 
jconcemed. 
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I am convinced that a general agreement can only be arrived at by personal diacnsslon, and 
for this pmroose I trust you will give Sir David Gill, who fully underslands my views, aud has 
express^ ^ readiness to lend the aid of his valuable experience to the furtherance of the 
scheme, an opi^itunity of consnltinjg with your Gtovermnent, and of explaining in detail the 
proposed of which it is not possible, in a despatch, to give more than the general outline. 


OonuniBBioner* 


I have, etc., 
(Signed) 


MILNBE- 




I accordingly Tisited Bloemfontein, Cape Town and Durban, returning 
again to Johannesburg to confer with Lord Milner and report the result of 
my mission. There were naturally a good many differences of opinion 
amongst the officials of the various governments, and I advised that an officer 
should be sent out by the Wax Office, as its official representative, to meet 
a Congress of Surveyors-Oenerai of the various South African Governments. 

This proposal was adopted by Lord Milner, in the following letter 
addressed to Sir David Gill:— 


Sm, 


High Ookuibsionbr’s Offiob, 

Joni^inisBi7R<», 

28<7i Jvlj/, 1908. 


I have the homoui to wksowledge the receipt of your letter of July lOili, setting 
forth the present position of efiairs in regard to the proposed general to))ogra^ioal 8Ui*vey of 
Sonth Africa. 

The High Oommissioner has forwarded a copy of your letter to the Secretary of State with 
a request that the War Office may be approached in regard to your proposal that a Oonforence 
shall be held between the Surveyors-General of the various Oolonies and a War Office 
reproseutative. 

His EK^enoy desires me to ^ress his gi-atifioation at the manner in which you have 
oamM out the preliminary negotiations, the lesnlt of which appears on the whole to bo vorv 
sansfactoiy. 

The idmioisteatar b! Bouiiheni j^desia WU be )bo a/^WNMeiotative to the 
O^erenoe when, it meets, and, it k to be h'ppdd^ tbiit that GovBniib^ evwtoaUT Mtiilt to 
take part m the general scheme. ' . - w 

Au extoact nrom your letter from the words, so far, therefore, as my mission is oonoemed 
down to the words “so far as the Protectorates ore concerned,^ is being forwarded to tlie 
^vfflmors of Gape Colony and Natal the Lieutenant-Governors of tho Transvaal and the 
Orange River Colony and the Administrator of Southern Rhodesia. 


I have, etc., 
(Signed) 


C. IL RODWELL, 

Acting Imperial Booretary. 


The following letter addressed to Colonel Moitis explains some ol the 
departures from original plans — 


RoTAL OBBKRVATOnr, 

Cape of Qoojd IIopb, 

2Gtt Sept, 1008, 
irtU Mwitt i« septate y<,„ 



command of HiaBxoeUenoy the Governor. ^ Parliament by 
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I received the map showing the proposed triangulation in the Transvaal and O.KO. 

From the enclosed copy of Jjord Milner’s letter of the 18th May you will observe that it is 
proposed to make the following extensions, 

A. To eitend the arc along the 213th Meridian Southwards through Basutoland, and join the 

Oape Oeodetio triangles in the Cape Colony near Oeda. 

B. To extend the longitude arc from Wepener Eastwards through Basutoland to join the 

Natal Arc. 

0. To extend the longitude arc llirough Elroonstadt from Newcastle to the Sea Coast. 

D. To extend the arc along the 80th Mei'idian from the Limpopo to the ATifi tiTi g triangula¬ 
tion in Rhodesia, a IMe East of Gwelo. 

As regards A and B, the matter is in the position which is explained above. 

As to 0, Natal concurs, and the work can be undertaken when most convenient. 

As^ to D, I have written to the Chartered Company aakiTig their concurrence. 

With regard to my proceedings I send you copies of most of the correqKmdence, which will 
diow you exactly how matters stand. 

I am very glad to hear that King has been so successful in his reconnaissance. I have not 
got Jeppe’s map beside me, and so cannot identify the site of the base he proposes $ can you send 
ine Jeppe’s map and mark on it tlie suggested site of the base as well as ^e names and places of 
his points, as in the map you sent me me names of points are not given. 

n the only possible site is considerably south of the Limpopo, we must try to get in another 
base if a good site can be found in Rhodesia, about midway between Salisbury and your base on 
the Brak River. 

I should like also to have Duumau’s point<i marked and named so that I can follow the 
progress of reconnaissance. Future repoi'ts could give me the names, latitudes and longitudes of 
points, so that we could lay tliem down here. 

1 regret to hear of the loss of time caused by waiting for the due share of A.M. observations 
as compared with P.M. I concur in giving a trial in a few triangles to the system of getting the 
necessary rounds" either A,M. or P.M., as the ol)server can get tliem, and then comparing toe 
errors of the triangles so measm^ed with those of other triangles of tiie same character previously 
measured by the same observer when strict regard lias h&m paid to tlie equal division between 
A.M. and P.M. observations. When this has been done we can come to a sound conclusion on 
tlie matter. 

I am sorry to hear about toe W.O. delays in sending offleers to you. I write to Colonel 
Trotter by this mail on toe subject (Copy of letter enclosed.) 

I am glad to hear vou have got a good site at Ottoshoop for toe Base, with a water supply. 

I have just received from Colonel Lallenfhnd all toe papers necessary for completoly 
following the whole of toe French levelling system. I send tne papers and a separate letter on 
toe subject 

(Signed) DAVID GILL. 


The Congress of Surveyors-Qeneral met at Oape Town on the 1st, 2nd, 
3rd, 4th, and 6th of March, 1904, imder the Presidency of Sir David GilL 
A prdcis of its proceedings was printed and laid on the table of both Houses 
of Pai'liament of the Oape Colony the same year.*^ 

The resolutions anived at were as follows :— 

The Congress of Surveyors-General recommends: 

1 . That a general Topogiaphioal Survey of “toe British Colonies and Protectorates in Africa 
south of toe Zambesi is, in toe opinion of this Congress, desirable. 

2 . That this Topographic Survey shall be undertaken by a single Department working under 
a single Responsible Director. 

8 . That toe title of this Department, hei'oinafter designated toe Central Office, shall be The 
Topographic and Geodetic Survey of South Africa.” 

4. That toe Headquaiter Offices of this Survey shall be at Oape Town. 

5. That the Government of toe Oape Colony be approariied with a view to obtaming a giunt 
of Crown Land on whidi to erect toe Headquaiter Offices. 

6 . That toe secondary Triangulation in tlio Cape Colony be carried out under toe direction 
of the Surveyor-General of that Oolony, employing duly admitt^ Colonial Surveyors on toe 
work, and that the Topographic Survey be couductoi by toe Central Office on toe understanding 
that: 

(a) The Surveyor-Gteneral of toe Oape Colony shall undertake to supply the Central Office 
with details as to toe positions of the points of toe Secondary Triangulation, the sides of 
which will average about eight miles m length. 

(5) The Central Office shall mark all its stations in a permanent manner, and shall furnish 
the Surveyor-General of the Caj^ Oolony with details of toeir positiems, so that they 
may be utilised in toe “ Teitiary” Triangulation for Cadastral purposes. 


^ Topographical Survey of South Africa—^Proceedings of Congress held at Oape Town, 
March, 1904. Presented to both Houses of Parliament by Command of Bis EbeedWey the 
Governor. 
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RhoSeeia fce leqneated to consider ^ edvisalnhV 
the extension of the existing Arc of Meridian sonthwards to the L^popo pm Ufo Tnangula- 
lion now lifting carried out under the direction of Colonel Morris in the Iransv^li tlius coiuploting 
abaekbonew Primary Triangnlation running right through the oountryi which would form a 

basia for all future operationB. • n nca 4 .^ ^ 

9. That in order to give greater elasticity to the working of the Oenteal Offloe, to allow 

exchange of offlcialfl, to minimifle office expenses, and to ensure effeo^e oo-o]^atton, the 
Topoffmphic and Geodetic work shall be carried out by the same Departm^t under the sanae 
Director, except as regards the Triangulations of Gape Colony and Natal, whi^ 

out in accordance with the provisions of Eesolntiona 6 and 7, provide that l^o rouitwy 
officer selected for the Directorship of this Department be the pi’esent Superintendent of the 
Trigonometrical Survey of the Transvaal and Orange River Colony. , , „ . . 

10. That in order to insure that tiie TojWCTapTiic Survey shall fulfil the following conditionH, 
essential from the point of view of ^e Oolonial Governments, viz.:— 


(a) That it shall be as useful for the general purposes of the Oivil Administration os the scale 
admits: and 

(i) That it shall be sufficiently accurate for the connection of tho Farm Surveys in one 
homogeneous system, 


it is necessary:— 

(1,) That the triangnlation carried out by the Central Office should lie HufficionWy c\om and 
sufficiently accurate to fulfil both the above conditions, and tliat tlK*Ht^ (uniditioiiH Avould 
probably oe met by such a triangulation as would give fixed points at Hucdi distances 
that their positions on the maps, when projected on any piuviously adapted scales would 
be on an average four and a half inches (4-^ in.) apart; and, as regards accuracy, sucli 
that the average triangular eiTor would not exceed in Secondary work 5", and in 
Tertiary work 20". 

(2.) That all the stations of observations used in these triangulations bo poiinanontly and 
characteristically marked, t.s., either Iw a certain uniform mark on rock in stVt/, or ou a 
mark-stone securely emb^ded; and tmt a substantial cairn shall be Imilt Hymuictrioally 
over each mark. 

(3.) That the complete data and triangulatidh charts of all points fixed iu thoso triangulations, 
both of stations of observation and of intersected points of the tdangulatiionB, and of as 
many ][^e-table points as possible, be determined, and also suoh other auxiliary 
l^hts shall be detenmned that the average total number of resulting helglit< detecmhxar* 
tions be not less than two per square inob on the maps. 

11. That it be recommended that all officials of the Central Office bo grantcnl free railway 
passes when travelling ou duty. 

12. That the maps be produced on the following scales;— 

As an equivalent of i inch to the mile, 1/230,000. 

» » »> i « » 1/123,000. 

„ „ „ 1 „ „ 1/32,500. 

}, „ „ 2 ,, „ 1/31,250. 

and that these different s^es be used accordii^ to the req^uirements of the diffororrt ]^)tir (44 of the 
countiy, the areas of which have been approximately indicated by tho Hiirv'oyors-Chuicml of (lio 
respective Colonies to be as follows 


Cape Colony— 

On the ^iuch scale, 170,000 square miles. 

„ 1 „ „ 100,000 „ 

2 „ „ 1,200 „ 

Natal— 

On the l-inch scale, 86,000 square miles. 

„ 2 „ „ 600 „ 

Orange River Colony— 

On the 1-inch scale, 60,000 square miles. 

Transvaal- 

On the i-inch scale, 64,000 square miles. 

„ 1 „ „ 48,000 „ 


13. mtin tiie maps to be produced, the hill features shall be presented by a Rvatom of 
Sfe® w MntroUed by triwnometiical, barometrical, and c.lJ!iomotric 

heights. ^ Tte wntour hues shall be shown m a warm brown tone, and the bills shadtwl in a trnKv 
tone, asm the Pr^ch 1/60,000 Oolonial maps. The deepness of tho shade shall represeut^lhe 
BteepnesB of the slope, independent of any imaginary direction of incident light. ^ 


Woods shall be shown in green, 
^tail ,, ,j j, j, black. 
W^ater ,, ,, „ jj blue. 
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Farmftnent sources of water supply shall be described. 

frames of places shall be eu^ared, and heiffht-numbers shall be expressed in Imperial feet 
above mean sea level, aud shall be piinted in brown. 

The contour lines shall be at vertical intervals of one hundred feet (100 feet) for the scale 
of 1/126,000, and for other scales shall be at proportionate distances. 

Other conventional signs shall be as in Militaiy Maps. 

Thero shall be special signs for certain South African features, aud for good cart-roads, bad 
oart-roods, bridle-tracks, and footpaths. 

For the scale of 1/260,000 the contour linos shall be omitted, the features generalised, and 
the ehading reproduced bjosome photo-mechanical process. 

14 That each sheet of the maps shall cover on area of 40' in longitude by 80' in latitude 
oil the scale of 1/260,000, and that the area coveted by each sheet on any other scale shall be in 
proportion; the linear dimensions of the shoet being maintained. 

16. That a small lithographio establishment shall form part of the headquarter office, for 
the purpose of prodnoing 'rrigouometrioal Oharts, survey forme and copies of held sheets, and 
eventually, if found to he economical, for the printing of the final maps. It is conf^ei'ed, 
however, that in view of the expense of eugra'nng and lithographic work in South Abrica, the 
maps should, for the first few years, be printed by the Ordnance Survey of Great Britain and 
Ireland, if the Director-General of the Ordnance Survey will undertake the work on payment 
aud on the system approved by the Oougress. 

16. That more definite arrangements be made in regard to the supply of Maps requirad by 
the War Office. The Oongresa suggests that, so long as the Maps continue to be printed at 
Southampton, the War Office shall have the tight to retain 250 copies free of charge. The 
Copyright of the Maps shall remain the properly of the Ooveiumeuts of the respective 
Colonies. 

17. That there shall bo established in conuedinn with the Central Office a School for 
training in Topography and other branches of Surveying to which, ittter aUaa, men who have 
obtained Ihe Certificate of Proficiency in the Theory of Surveying shall be admitted on payment 
of reasonable fees. 

18. That the following method of apportioning the coat of Survey amongst the various 
Colonies be adopted;— 

(1.) That the accounts of the Central Office be kept m suoh a manner as to determine the 
actual cost of field work annually executed in each Colony, and the said cost diall be 
debited as a first charge against the annual oontributiou of each Colony. 

(2.) That the cost of reproduction, printing and publication of Maps be inmilarly dealt with 
and charged, 

(3.) That the cost of administration for each year shall be charged against each Colony in 
proportion to the charges under heads (1 ) and (2) obovo-nieutioned. 

According to the above rocommcndatioii each Colony will bo bliorged exactly the 
expenditure incuired in, and on bdhalf of, that Colony. In this way it does not matter whether 
a Colony does its own Primary, Secondary or Tertiary Triangnlation, or whether it employs the 
Central Office to do it. Tho partition of cost will thus in every respect be an equitable one. 

19. As a preliminary estimate of the annual cost of the work to be peiformed by the 
Central Office for the di^orent Colunies the annnol contributions of tho Colonies to the Central - 
Office shall be os follows:— 


£ 

Oape Oolony. 14,000 

Transvaal and Orange Biver Colonies .. .. 26,000 

Natal. .. 6,000 


(Signed) DAYID GILL, Chairman. 

C. F. CLOSE!, Major, KE)., representing the War Offioe. 
MAT JUBISCII, representing Oape Colony. 

J. MASSON, remeeenting Natal. 

H. M. JAOESON, rqiresenting Transvaal. 

BIJRNBT ADAMS, representing Orange River Oolony. 
W. J. A'PEEBSTONM, representin^odesio. 
VICTOR A. LOWINGER, \ 

ARNOLD PILLING, / Secretones. 


These very practical resolutions, which all the Qoyenunents were at first 
prepared to adopt, would, by the establishment of a central office and a 
systematic organisation, have placed the question of survey in South Afinca on 
a sound working basis for all time. 

Most unfortunately, however, towards the middle of 1904 a financial crisis 
occurred iu South Africa generally, which at first pressed more severely on the 
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revenue of Cape Colony, but soon afterwards extended toiNatal, the Transvaal, 
and Orange Eiver Colony. 

Ministers, in &ce of a greatly diminished revenue, did not feel justified in 
undertaking firesh expenditure. Accordingly, Cape Colony withdrew from 
the provisional agreement, and Natal followed suit. Finally, the Transvaal and 
Orange River Colony gave up any immediate intention of starting Topographic 
Survey, and resolved to dismiss the Survey party under Colonel Morris on 
completion of the Gteodetic Survey. 

The fiuther history of Geodetic Survey in South Africa, so fiir as the 
Transvaal and Orange River Colony are concerned, will be found in the 
accompanying report of Sir William Morris. 

Meanwhile, as already stated. Dr. Rubin sailed from Cape Town on the 
25th April, 1903, to continue the survey of the Arc of Meridian by connecting 
Mr. SimmH ' triangles unmediately south of the Zambesi with the southern end 
of Lake Tanganyika. This work, so far as it is executed, is shown in the 
general map. An account of it is in oouise of preparation, and will form 
Volume VI. of the Geodetic Survey of South Africa. 

There remained, however, on the Axe of the 30th Meridian, a gap between 
the Limpoijo and the triangles in Southern Rhodesia, near Gwelo, whidi is 
explained by Mr. Rhodes’ decision quoted at p. ix. I had strongly urged the 
Directors of the British South African Company to take advantage of the 
oppoitunity offeiud by the presence of a trained trigonometrical survey party in 
the neighbourhood to complete this link in the chain; but my efforts, at 
6,000 miles distant from headquarters, were unavailmg. I then appealed to 
Sir George Darwin, pointing out how comparatively simple it would be to 
complete the connection noiv, whilst a trained survey party was at hand, and 
how much more serious a business it would bo to train and send out a party to 
do the work at a later date. The estimated cost of the work now was only 
£1,600, whilst it would cost at least double that sum to send out a special 
party at a later date. I begged him to lay the subject before the Dfrectors of 
the British South Africa Company, representing the great importance of the 
work, as evidenced by the resolutions of the International Association ot 
Scieutifi .0 Academies, of the International Geodetic Conference, and of the 
British Association; but the reply (received in November, 1905) was: 

“For the present the Company feels itself restricted to absolutely 
necessary expenditure, and the. matter, though not shelved altogether, had 
better stand over for a while.” 

Matters could not be left in this state, and I begged Sir George Darwin, 
as the President of the British Association and British representative of the 
International Geodetic Commission, to ascertain whether funds could not be 
obtained elsewhere. Sir George was then on the point of leaving for America 
to attend the Franklin Commemoration, and proposed being absent from 
England from the 14th Mar6h to the 1st of May. On May 7th I received the 
following cable from him— 

* 

“ Money possibly forthcoming hold party together.” 

Dabwin. 



xxv 


I cabled, as the result of telegraphic enquiries addressed to Colonel 
Morris in Pretoria, that a decision was necessary before May 24th. 

On May 19th I received the following cable message:— 

“ I have procured £1,600 for completion Survey. Can you guai'antee 
it will be finished for this sum ? Impossible obtain more.” 

Darwin. 

Meanwhile I ascertained that whUst Captain H. W. Gordon, II.E., the 
officer selected, was still available for the work, “ the delay had necessitated 
the return of all transport equipment which must be purchased de novo,” 
and that unanticipated charges for railway transport in Bhodesia would he 
made. Subsequently the transport difficulty was to some extent overcome 
by the kind consent of the Council to allow all transport to be drawn from 
the Transvaal Government, especially the immunized animals; a fair valuation 
to be put upon aU items on taking over and again on their return after 
completion of the work (estimated to last eight months); on retumiug the 
items the difference between the two valuations only to be charged. 

On the 8 let May I cabled through the B.S.A. Company:— 

“ Tell Darwin, Transvaal has granted loan of transport. Morris 
and I believe can now finish coimeotion for sixteen hundred 
pounds. Delayed reply explained by post. Cable immediate 
advance three hundred pounds.” 

On the 8th June I received from the Seci’etary of the B.S.A, Company, 
Cape Town, three hundred pounds and a copy of the following cable 
message:— 

“ Inform Sir David GiU from Darwin £1,600 has been granted only 
provided he guarantees finish connection.” 

I cabled in reply:— 

“ GDI accepts responsibility. Acts of God and the King's enemies 
excepted.” 

Thereafter the sum of £200 was placed to the credit of Captain Goixion 
at Bulawayo on the let of August, and on the first day of each succeeding 
month. 

It remains to explain how the financial question was solved in England 
through the exertions of Sir George Darwin. The Boyal Geographical 
Society was the first to come forward with a subscription of £100,—the 
largest sum that its finances at the time could muster; The Boyal Society 
subscribed £300; Mr. Wemher, on behalf of the firm of Weinher & Bight 
subscribed £100, and Sir George Darwin himself offered, if necessary, to be 
responsible for £100. The British South African Company then, on Sir 
George Darwin’s suggestion, agreed to give £800 provided that a like sum 
was raided by subscription and a guarantee given that the work would be 
completed for £1,600. Then the British Association offered £800, and I 
undertook the guarantee. 


Bir Geor^ 
Darwin’s 
intarren- 
tion« 
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Finally, thanks to the fact that all the Government Railways concerned 
generously agreed to accept half-rates, and to the energetic and economical 
management of Captain Gordon, the work was completed, and the payment 
of a few pounds of excess cost was not exacted by the B.S.A. Company. 
An account of the work and its results will be found in the Appendix to the 
present introduction. 


DAVID GILL 


APPENDIX. 


TBIGOirOMRTBrCUl- CONNBOTION BHTWlilllN THE PkBVXOUSLT BXKTmO GjEO- 
PEMO Stjbtbvs m the Tbansvaai, ajsh Sotjthebn Rhodbbia, Ji.wm 

THE MEBIDIAIir OE 30“ E. LoNaiTDDB, EXECUTED BY CaITAIN H. W. 
Gokdon, re. 


The opemtions -in the field are sufficiently described in the followinc 
report addressed to Sir David Gill- 


“Sir, 

^ ’“T^ completim of the ohein of trioiiguktiou 

eetobhehnig a. podebc oomeotion between the Ehodeeiim Geodetic Swvey 
^thogre^^<m.««aSnr7eyofaeTrmeveel The obeerving pan; 

Bfated end of the mona of Jnne, 1906. It oon- 

«^myne)f m ge^ ohnrge. wia one Meietant, «,d nn officer in oheige 
Of beaconmg with eight attached natives. ^ 

wia'^!T°'‘ *’'» Oepe oarte 

It. 'dtimately divukd 

equaUy between the headquarter and the beaconing parties ^ 

prelnmnary reconnaissance fi-om the three ffeodetir, «+.+;.! , 

the most suitable points of departm-e in the^EhoL “ 

were FiHbusi.Standesi and ^l^odesian cham. These stations 

Bre pobi. StTC r ™ “ «-th« -rch. 

'°^“i““°e ™ eemed forwerd a ihe 
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circumstances permitted. Great difficultj ms experienced in obtaiaing a 
centre point for the closing figure at the southern end of the chain, owing to 
the rolling nature of the thickly bushed country and the impossibility of 
obtaining a view in any direction without extensive clearing. This point 
alone took nearly a month to fix, and consequently fully a month extra was 
required to complete the reconnaissance. 

The Limpopo River was reached by the end of September, and connec¬ 
tion was effected with the Transvaal points, Pont and Pogola. At this 
stage, the points having been selected and roughly located, the beaconing 
party returned northward on the work of beacon erecting. The headquarter 
party followed almost at once carrying out the instrumental observation. 

By the end of December the beacouer had arrived at the original starting 
points, and trekked back to Pretoria, where he handed in his transport and 
equipment. Six weeks later the observations also were brought to a successful 
conclusion, thus completing the work of junction. 

Returning to Bulawayo, the equipment of the headquarter party was 
disposed of by sale, and the party entrained for Pretoria, arriving on the 
21et Jan., 1907. 

The character of the country covered by the triangulation is extremely 
variable. The northern section comprises the hill district of Belingwe, con¬ 
sisting in formation of broken slates,, bounded westward by the diorite range 
of the Donio, which traverses this portion of Rhodesia from North to South. 

Passing southwards through the heavy granite country of the HnTPatem, 
one emerges on the flat heavily bushed tract which stretches continuously to 
th& heights of the Zontpansberg in the Transvaal. In this last country the 
work of observation became very tedious and difficult by reason of the 
unsteadiness of the images produced by irregular redaction. The absence of 
roads and the density of the bush in this section gave rise to much difficulty 
and delay in the earlier work of the reconnaissance, the trouble being in no 
way lightened by the constant thick haze prevailing during the months of 
July and August as the result of the numerous grass fires incidental to that 
season. During November heavy rains began to fall, and continued inter¬ 
mittently to the close of the work. The total length of the measured chain 
is about 135 miles. 

In view of the necessity for the most rigid economy the staff of helio- 
graphers, usually employed in this class of work, was dispensed with ; the 
observations being made on opaque signals, it was found necessary to limit 
the length of the figural lines to an avei'age of 20 nules. There were thus, 
including the four established points of the terminal lines, a total of sixteen 
points for occupation. Each beacon consists of a wooden pole guyed by wires 
vertically over a square iron pin leaded into the rock, and carrying at its top 
two discs, at right angles to each other and 8 feet in diameter. The instru¬ 
ment used was the 10-inch Repsoid theodolite, mounted in an observing hut 
of the type recently used in the Transvaal. 

Pressure of circumstances necessitated limiting the instrumental wprk at 
each station to a series of measures on four arcs only; the zero reference point 
of the circle being successively placed about the divisions of 0®, 46°, 90®, 
and 135®. 
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Tbe atmospheric conditions were found to be so inyariably unfavourable 
in tbe early mornings, either by reason of tbe dense mists or by extreme 
unsteadiness, that operations were confined entirely to tbe evening period, 
commencing about 5 p.m. Tbe accompanying plan shows tbe relative 
positions of tbe various points, as well as some of tbe simpler topograpbical 
features of tbe country traversed. 

I bave been able to confine tbe expenditure to tbe prescribed limit only 
by tbe gjenerosity of, first, tbe Transvaal Government, to whom I bave been 
indebted for tbe loan of tbe transport equipment, as well as to tbe Inter¬ 
colonial Council for the temporary loan of tbe instruments; secondly, tbe 
Bailway Companies, wbo allowed a rebate of half fares. 

I was much aided in my work by tbe oflficials of tbe Chartered Company, 
who rendered me every possible assistance, and also gave me tbe services of a 
trooper, B.S.A.P., to aid in dealing with tbe natives, and in finding my way 
about. 

I would also like to bring to your notice the wbole-beaited manner in 
which I was assisted by my booker, Capt. E. Christie, and my beaooner, 
Mr. D. J. Young. 


I bave tbe honour to be. Sir, 

Tour obedient servant, 

(Signed) H. W. GOEDON, 

Capt., HE” 


Tbe work above described consists of a pentagon having tbe side Pont- 
Dogola common to it and to tbe northern triangle of tbe Geodetic Survey of 
tbe Transvaal, and a quadrilateral having tbe side Standaus-Wedza common 
to it and to a triangle of tbe previously existing Geodetic Simvey of Ebodesia. 

Tbe two figures are connected by a single chain of triangles, as shown in 
tbe Plate. 

In tbe reduction of tbe observations tbe pentagon and quadrilateral were 
first adjusted to geometrical consistency, and to each angle of tbe simple 
triangles was appbed tbe usual correction 1/3 (180'’ -|- e —■ S). 

These corrections are shown in tbe column “ Eigural Corrections ”— 
Table L 

Tbe “ Circuit Cori'eotious ” in tbe same Table are those which, in tbe 
chain of single triangles, are necessary to reproduce geometrical consistency 
in tbe Sides- Pont-Dogola and Standaus-Wedza. These coiTections, which 
produce consistency between the independent Surveys of tbe Transvaal and 
Ebodesia are very small, as the logarithmic discordance of scale in feet only 
amounts to 0*0000005. 

The vertical heights given in Table II depend on Captain Gordon’s 
observations only, with Pont and Dogola as origin. Tbe pentagon and 
quadrilater^ bave been treated as isolated iigures, and tbe remaining chain 
of triangles has been adjusted by a simultaneous solution. 

The reductions bave all been made at tbe Eoyal Observatory, Cape of 
Good Hope, imder the supervision of Mr. B. S. Hough, F.E.S., now H.M. 
Astronomer. 
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The Latitudes, Longitudes and Azimuths given in Table III were com¬ 
puted with the data of the Geodetic Survey of the Transvaal and Orange 
Eiver Oolony with the side Pont-Dogola as origin. 

The agreement between the Scales of the two independent Surveys is 
remarkable, and indeed the circuit angle-corrections of Gordon’s triangles 
would be absolutely negligible if the angles of his chain had only been 
recorded to the first decimal of a second of arc. 

But there is a diflferenoe of 8''‘87 in the orientation of the two 
systems, which may be in part due to cumulative error in the system of 
triangulation South of the Limpopo (although upon the whole the Geodetic 
and astronomical Azimuths are in good mean accord) and partly to local 
attraction at Salisb\uy. 

The initial iizimuth of the whole system of triangulation south of the 
Limpopo is the Bearing of Zuurherg from Bufifelsfontein near Port Elizabeth, 
whilst that of Mr. Simms’ triangulation in Bhodesia depends on Astronomical 
Observations at Salisbury. The position of Salisbury, ad astronomically 
determined, has been used as the origin of the Geodetic co-ordinates in 
Bhodesia, and the agreement of the independent Surveys in a Latitude and 
Longitude is as close as could be expected. 

The vertical heights have been carried on from the system of the Survey 
of the Transvaal and show a considerable discordance from those of Mr. Simms’ 
S|irvey. The latter depend upon the adopted height of the railway Benoh- 
marlk at Bulawayo, as determined by the Bailway Surveyors from Cape 
Town and Port Elizabeth, the former upon a geodetic levelling from the sea 
at Lorenzo-Marques to the Base-line terminals at Belfast and Eroonstadt. 


The following Table gives a comparison between the results of the 
independent Surveys north and south of the Limpopo, at the points of their 
connection, Standaus-Wedza, by Captain Gordon’s chain of triangles. 


ST.ijn>Aua 


Latitude 
Longitude 
Bearing of Wedza 
Height. 


Gordon-Simms. 

n 

3*503 

0*602 

8*89 

... 38 feet 


WUDZA, 

Gordan-Simms. 

n 

Latitude . 3*543 

Longitude . 0*627 

Bearing of Standaus ... 8*86 

Height.42 feet 


The adjustment for discordance of scale amounts only to 2*64 inches on 
the side Standaus-Wedza. 
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Table I. 


GEODETIC CONNECTION BETWEEN THE TRANSVAAL AND 

RHODESIA SURVEYS. 


TBU.NaxBS AND Loa Lbngths op Sidbs. 


Station. 

Observed 

Figural 

O^or- 

Oirouit 

Oor- 

Seoonds 
of Final 

Spberioal 

Log Len^h 
of Side in 

Angles. 

reotion. 

reotion. 

Angle. 

BxcesSi 




0 t tl 

n 

n 

n 

II 


Pont 

= p 

48 24 45*77 

+0*66 


46*88 


6*0942720 

Dogola 

= D 

67 21 86*46 

+0*78 


87*24 

4*41 

6*1826111 

M?twe Kwe 

= • W 

79 1 8 40*18 

+0*66 


40*84 


6*2494886 

Pont 

= P 

80 26 59*94 

+0*07 


60*01 


4*8881866 

M’Kwe Kwe 

= w 

68 2 6*78 

-0*20 


6*63 

2*49 

6*1888806 

Tafel Kop 

= T 

86 80 66*12 

-0*17 


66*95 


6*1826111 

M’Kwe Kwe 

= W 

54 20 18*66 

+0*18 


18*84 

0-99 

4*8281769 

Mabezibgvra 

= M 

70 39 21*60 

+0*17 


21*77 

4*8881866 

Tofel K<^ 

= T 

66 0 26*07 

+0*81 


25*88 


4*8267748 

U^lnmbi 
MKwe Kwe 

= U 
= W 

87 2 66*27 
94 80 26*87 

-0-63 
--O’39 


55*74 

26*48 

1*82 

4- 8267748 

5- 0454773 

Habezibgwa 

= M 

48 26 40*88 

—0-23 


40-10 


4*9209049 

Dogola 

= D 

89 81 49*07 

-0*88 


48*69 


4*9209049 

ll?Slwe Kwe 

= W 

68 58 83*66 

-0*26 


38-80 

2*29 

6*0869666 

Ugnlnmln 

= u 

71 84 40*48 

-0*18 


40*80 


6*0942720 

Jemembi 

= I 

47 7 22*03 

+0*84 

+0*08 

22*40 

8*84 

6*0464778 

Ugalumbi 

= u 

70 48 40*60 

+0*84 

-0*01 

40*88 

5*1656595 

IVfobezibgwa 

= M 

62 8 69*79 

+0'84 

-0*02 

60*11 


6*1266874 

Kubungwe 

= K 

57 1 88*97 

+0*07 

+0*02 

39*06 

4*27 

6*1566596 

MabeziBgwa 

Jemembi 

= M 

61 8 12*64 

+0*07 

-0*08 

12*68 

5*1227680 

= I 

71 66 12*45 

+0*07 

+0*01 

12*58 


5*2099429 

Silamgwe 

= S 

79 10 40*62 

-0*09 

+0*01 

40*44 

2*60 

6*1227680 

Kubungwe 

= K 

48 89 64*76 

-0*09 

+0*02 

64*69 

6*0061161 

Jememol 

= I 

62 9 27*49 

-0*09 

-0*03 

27*37 


5*0280183 

Ikondonko 

= A 

60 88 56*60 

+0*50 

+0*02 

67*02 

2*25 

6*0280188 

Silamgwe 

= S 

67 40 2-69 

+0*50 

+0*01 

3*20 

6*0541791 

Kubungwe 

= K 

61 46 1*66 

+0*50 

-0*08 

2*08 


4*9881871 

Igat 

Ikondonko 

= 0 

66 47 58*86 

+0*26 

+0*01 

69*11 

1*63 

4*9881871 

= A 

66 16 6*88 

+0*26 

+0*02 

7*15 

4*9847115 

Silamgwe 

= S 

47 66 65*16 

+0*26 

-0*08 

65*87 


4*8988685 

Utowa 

= 0 

68 62 18*21 

+0*68 

+0*02 

18*86 

1*88 

4*8988686 

Igar 

= Q 

49 24 24*84 

+0*68 

-0*02 

25*45 

4*8670607 

Ikondonko 

= A 

76 48 16*89 

+0*68 


17*02 


4*9748894 

Belingwe 

dtowa 

= B 

40 1 24*79 

-0*11 

+0*04 

24*72 

2*84 

4*0748894 

= 0 

76 62 26*68 

-0*11 

-0*02 

26*66 

5*1650632 

Igar 

= G 

68 6 12*70 

-0*11 

-0*02 

12*67 


6*1168406 

Shamba 

= H 

68 27 13*86 

+0*87 

+0*02 

13*74 

8*58 

5*1168406 

Belingwe 

= B 

66 9 28*16 

+0*87 

-0*01 

28*61 

6*1066686 

Utowa 

= 0 

66 28 20*97 

+0*87 

-0*01 

21*88 


6*1449292 

Wedza 

= Z 

; 66 8 46*86 

-0*24 


46*62 


6*1449292 

Sbamba 

= B 

: 54 46 88*78 

-0*82 


88*41 

4*24 

6*1882087 

Belingwe 

= B 

1 69 9 44*82 

-0*61 


44*21 


6*1966561 









Tablb I— continued. 


Station. 

Observed 

Angles. 

Figural 

Oor- 

reotion. 

Oircuit 

Oor- 

rectiou. 

Seconds 
of Final 
Angle. 

Spherical 

Excess. 

o/^Side^n 

EinglishFeot 


o t It 

It 

tt 

II 

II 


Standsus == N 

146 21 48-63 

-0-01 


48-52 


6-1060601 

Shamba = n 

20 82 2-70 

-0-28 


2-47 

0-83 

4-9982192 

Wedza = Z 

13 6 0-62 

+0-82 


9-84 


4-8080618 

Belingwe = B 

26 47 87-42 

-0-47 


86 *98 


4-8086618 

Stundaus = N 

77 58 49-29 

-0-07 


49-22 


6-1449292 

Shamba = H 

76 18 80-48 

-0-66 


85-88 


6-1402679 

Wedza = Z 

60 6 62-88 

+0-08 


66-40 


6*1402679 

Standaus = N 

68 27 59-24 

+0-06 


60-80 

8-02 

5*1882087 

Belingwe =: B 

42 22 7-40 

-0-14 

1 

7-20 


4*9982192 


Table 11. 


VHttTxci[A.i:i HEianm 


StAtiOQS. 


Line. 


Observed 
Difference of 
Height 


Flgnral 

Oorraotiou. 


Adjusted 
Difforenoe of 
Height 


Adjusted hy tJie Transvaal Polygon, 


Pont—Dogola .. 
Dogola—M’Kwe Kwo .. 
M’£we £we—Pont 


Pont—M’Kwe Kwe 
M’Kwe Kwe—Tafel Kop 
Tafel Kop—Pont 


M’Kwe Kwe—Tafel Kop 
Tafel Kop—Mabezibgwa 
Mabezibgwa—lirKwe Kwe .. 


Mabezibgwa—M’Kwe Kwe 
M’Kwe Kwe—Ugnlumbi 
Ugnlumbi—Mabesdbgwa 


UOTlumbi—M’Kwe Kwe 
M’Kwe Kwe—Dogola .. 
Dogola—TJgnlnmbi ,. 


1 I 1 

1 1 

Eng. Ft 
Fixed 
+0-6 
+0-9 

Eng, ft 
+837-8 
-822-6 
- 16-8 


- 1-6 

+1-6 

0-0 

1 1 1 

+ 10-2 
+ 160-1 
-170-4 

-0-9 • 

+0-8 

+0-2 

+ 16-8 
+100*9 
-176-2 


- 0-1 

+0-1 

0-0 

W-T 

T-M 

M-W 

+100-1 

+112-9 

-274-0 

+0-8 

+0-6 

+0-2 

+160-9 

+118-6 

-274-4 


- 1-0 

+1-6 

0-0 

1 i 1 

-274-6 
- 22-2 
+298-0 

+0-2 

-0-7 

-0-7 

—274-4 
— 22-9 
+297-8 


+ 1-2 

-1-2 

0-0 

U-M 

W-D 

D-U 

+ 22-2 
+828-1 
-846-7 

+0-7 

—0-6 

’+0-8 

+ 22-9 
+822-6 
-846-4 

• 

- 0-4 

+0-4 

0*0 
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Table II — continued. 


Stations. 


Line. 


Observed 
Diffei’ence of 
Height 


Fignral 

Oorrection. 


Adjusted 
Difference of 
Height 


Chain of Simple Triomgles. 


Ugoluinbi—Mabezibgwa 



Eng. ft. 

Eng. ft 

Eng. ffe. 

• • 

U-M 

+ 297*8 

Fixed 

+ 297*8 

Mabezibgwa—Jemembi 

a • 

M-I 

+1090*6 

+0*8 

+1090*8 

JememM—tJgulumbi .. 

• . 

I-U 

-1887*7 

-0*4 

-1888*1 




+ 0*1 

-0*1 

0*0 

Mabez&bewa 

• • 

M-I 

+1090*6 

+0*8 

+1090*8 

Jememln—Kubmigwe .. 

«• 

I-K 

- 680*4 

+1*0 

- 629*4 

Eubangwe—Mab^bgwa 

•« 

K-M 

- 462*0 

+0-6 

- 461*4 




- 1*6 

+1*6 

0*0 

Kabung^e—Jemembi .. 

• • 

K-I 

+ 680*4 

-1*0 

+ 629*4 

Jemembi—Silamgwe ,. 


I-S 

+ 100*0 

-0-2 

+ 99*8 

Silamgwe— Kubung we 

• • 

S-K 

- 729*6 

+0*8 

- 729*2 




+ 0*9 

-0*9 

0*0 

Silamgwe—Kubungwe 

a • 

S-K 

- 729*5 

+0*8 

- 729*2 

Knbnngwe—Ifcondmnko 

• • 

Z-A 

+ 594*0 

+0 * 5 

+ 694*6 

Ikondo^o—Silamgwe .. 

m ■ 

A-S 

+ 184*8 

+0*4 

1 

+ 184*7 




- 1*2 

+ 1*2 

0*0 

Silamgwe—Tkondonko .. 

• • 

8-A 

- 184*8 

—0*4 

- 184*7 

Ikondonko—Igar 

a m 

A-G 

+ 618*6 

-0*1 

+ 618*6 

Igar—Silamgwe 

• % 

G-S 

- 878*9 

+0*1 

- 878*8 




+ 0*4 

o 

1 

0*0 

Ikondonko—Igar 

• • 

A-G 

+ 618*6 

-0*1 

+ 618*6 

TJtowa .. 

Utowa—Ikondonko 

« • 

G-0 

+ 216*0 

-1*1 

+ 214*9 

a • 

0—A 

- 728*1 

-0*8 

- 728*4 




+ 1*6 

-1*6 

0*0 

I^—TJtowtt .. ' .. 
XJtowa—Belingwe 

• • 

G-0 

+ 216*0 

-1*1 

+ 214*9 

a • 

0-B 

+ 788*9 

+1*8 

+ 790*7 

Belingwe—Igwr 

•• 

B-G 

-1006*0 

-0*6 

-1006*6 




- 0*1 

+0*1 

0*0 

Utowa—Belingwe 

' ^ 

. • 

0-B 

+ 788*9 

+1*8 

+ 790*7 

Belin^e-Shamba 
Shamoa—Utowa 

• • 

• • 

B-H 

H-O 

+ 86*0 
- 878*0 

Fixed 

+2*8 

+ 86*0 
- 876*7 




- 4*1 

+4*1 

0*0 


Adjusted hy the Rhodesian Triangle. 


Belingwe—^hunba 
Shamba—Wedza 
Wedza—BeUngwe 


* • • • 

B-H 

+ 86*7 

-0*7 , 

+ 86*0 


H-Z 

- 684*2 

-0*6 

- 684*8 

t • • • 

Z-B 

+ 601*2 

-1*4 

+ 699*8 



+ 2*7 

-2*7 

0*0 
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Tab£e II— owhtinued. 


Stations. 

Line. 

Observed 
Difference of 
Height 

Figaral 

Oorrection. 

Adjusted 
Difference of 
Height 

Adjusted hy tke Rhodesian Triangle 

—continued. 





Eng. ft 

Eng. ft 

• Eug. ft 

Wed2»—Belingwe ,. 

• • 

Z-B 

+ 601*2 

—1-4 

+ 599*8 

Belii^we—Standaus ., 

•« 

B-N 

- 822*6 

-0-6 

- 823*2 

Stan&us ^ Wedza 

•« 

N-Z 

+ 324*2 

-0-8 

+ 228*4 , 




+ 2*8 

-2-8 

0*0 

Staudaus—Wedza 

• • 

N-Z 

+ 224-2 

-0-8 

+ 228*4 

Wedza—Shunba 

• • 

Z-H 

+ 684*2 

+0-6 

+ 684*8 

Shamba^Standaua 

• • 

H-N 

~ 908*2 

-0-0 

- 908*2 




+ 0*2 

-0-2 

0*0 


Table III. 

r - 


Eikax Bbsults. 

PONT = P. 


S. Lat. 22 16 18'513. Height above M.S.L. 

E. Long. 29 9 47*191. 2072*5 Eng. ft. 


Station. 

Bearing. 

Log Length of Line^ English Peet 

Tafel E(^ = 

1 

o / n 

196 6 25*82 

6*1888805 

IkTEwe Kwe = 

w 

226 88 25'88 

6*1826111 

Dogola =: 

D 

269 58 12*16 

6*2494886 


DOaOLA = D. 


S. Le-t.- 22 15 9*589. 
E. Long. 29 41 17*683. 


Height above M.S.L. 
2910*8 Eng. ft. 


Station. 

Beaiing. 

Log Length of Line, il^glish.Feet 

Font =3 

p 

0 f H 

89 46 16*28 

5*2494886 

M'Ewe Kwe = 

w 

147 7 58*47 

6*0942718 

XJgalninbi s 

u 

186 89 42*16 

6*0869666 


(14181) 


0 
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Tabi® m— (Mntirmed. 


M’KWE KWS = W. 


S. Lat. 21 57 54*958, Height above M.S.L. 

E. Long. 29 29 21*381. 2087*8 Eng. ft. 


Station. 

Bearing. 

Log Length of Line, English Feet. 

Pont =' 

p 

n / n 

46 26 8-90 

6-1825111 

Tafel Kop = 

T 

109 28 10-48 

4-8881866 


M 

168 48 24-27 

4-8267748 


u 

268 18 49-76 

4-9209049 

Pogola r= 

T) 

827 12 28-06 

6-0942718 


TAVBL KOP = T. 


S. Lat. 21 53 39*140. Height above M.S.L. 

E. Long. 29 16 27*624. 2248*7 Eng. ft. 


Slation. j 

1 

Bearing. 

Log Length of Line, EngMi Feet 

Pont 



p 

o r tr 

16 3 65-34 


5*1838305 

Mabezibg 

wa 

S=: 

M 

284 32 84-01 


4-8281759 

M’SlweS 

!we 

= 

W 

289 82 69-89 


4-8881866 





UOULITMBI 

= U. 


S. liat. 

21 65 7*015. 

Height above M.S.L. 


E. Long. 

29 43 48*189. 


2064*9 Eng. ft. 

Station. 

Bearing. 

Log Length of Line, English Feet. 

Dogola 



D 

o / 11 

6 88 43-67 


.5-0869566 

IPKwe Kwe 


W 

78 13 25-87 


4-9209049 

Uabezihgwa 


M 

115 10 21-61 


.5-0464778 

Jemembi 



I 

186 6 2-44 


5-1266874 


MABBZIBOWA = M. 


S. Lat. 21 47 16*254. Height above M.S.L. 

E. Long. 29 26 2*815. 2362*2 Eiig. ft. 


Station. 

Bearing. 

i 

Log Length of Line, Engli^ Feet 

Tafd Kop 


T 

o 1 n 

64 29 0’.08 

4-8231769 

Knbnn^e 

JemenS)! 


K 

I 

182 16 46-87 

288 18 68-06 

6-2099429 

6-1656596 

TJ^lnmbi 

WKyre Eve 


TJ 

W, 

296 22 68-16 < 

348 49 88-26 

5-0464778 

4*8267748 




















Table TIE — continued. 


JBMXMBI = 1. 


S. Lat. 2133 7 V 49 . Height above M.S.L. 

• ’E. Long. 29 46 18-4^6. 3453'0 Eng. fb. 


fitatiozL 

Bearing. 

Log LsDgtti of Line, English Feet 

Auibezibgwa 

Kubungwe 

Silamgwe 

= u 

=: M 
= K 
s= S 

0 / // 

6 4 6-7C 

65 11 29-1C 

126 6 41*69 

177 16 9*06 

< 

6-1266874 

6*1656696 

6-1227680 

6-0061161 



EUBUNOWZ! = 

E. 

S. Lat. 21 20 30*401. 

E. Long. 29 27 10*533. 

Height above M.S.L. 

2823*6 Eng. ft. 

Station. 

f 

Bearing. 

Log Lengtli of Line, English Feet 

Maberali^a 

Ikondonko 

Silamgwe 

Jemembi • 

= M 
= A 
= S 
= •! 

0 / /I 

2 16 20-48 

204 47 44*70 

266 88 46-78 

806 18 41-42 

6-2099429 

6-0641791 

6-0280188 

6-1227680 


r 

BlLAMaWE = 

8. 


S. Lat. 21 16 23*754. 

' E. Long. 29 45 27*399. 

Height above M.S.L. 

3552*7 Eng. ft. 

Station. 

Bearing. 

Log Lengtli of Line, Exiglidi Feet 

Enbangwe 

Ikondonko 

IgBfr 

Jemembi 

= K 
= A 
= G 
= I 

• * // 

76 27 8-16 

144 7 11-86 

192 4 6-78 

857 16 27-72 

1 

6*0280188 

4-9881871 

4-9847116 

6-0061161 


lEONDOlTEO = A. 


' S. Lat. 21 3 30*915. Height above M.S.L. 

E. Long. 29 35 82*128. 2418*1 Eng. ft. 


Station. 

'Bearing. 

Log Length of Line, English Feet 

Eubungwe = 

K 

0 f n 

24 44 48-81 

6-0641791 

UtOWB = 

0 

181 12 22-18 

4-8670607 

Ifar = 

G 

267 66 89-14 

4-8988686 

Silamgwe = 

8 

824 10 46-29 

4-9881871 


c 2 
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Table m — continued. 


IGAB = G. 


S. Lat. 21 0 48*035. height above M.S.L. 

E. Long. 29 49 0*437. 3931*6 Eng. ft; 


Station. 

Bearing. 

Log Length of Line, English Feet. 

Silftmgwe 

Ikondonko 

Utowa 

Belin^e 

= s 

= A 
= * 0 
= B 

0 1 II 

12 2 49*88 

77 50 48*99 

127 16 14*44 

190 21 27*01 

V 

4*9847116 

4*8988586 

4*9748894 

5*1660632 




XJTOWA = 

O. 



S. Lat. 20 5*1 21*312. 

E. Long. 29 35 48*468. 

Height above M.S.L. 

4146*5 Eng. ft. 

Statioiu 

Bearing. 

Log Lengtli of Line, English Feet. 

Ikondonko 

Belingwe 

Igar 

= A 
= H 
= B 
= G 

O 1 It 

1 12 lG-80 

165 4 10-56 

280 27 31-89 

307 19 57-44 

4*8870507 

6*1066686 

6*1168406 

4*9718894 




BBLIBGWE = 

= B. 

• 

S. Lat. 2’o 
E. Long. 29 

37 

53 

84*603. 

30*925. 

Height above M.S.L. 

4937*2 Eng. ft. 

Station. 

1 Bearing. 

Log Length of Side, English Feet. 

Utowa 

Shamba 

Stondans 

.Wedza 

= 0 
= 0 
= H 
= N 
= Z 

O / It 

10 19 50-87 

50 21 15-69 

106 80 44-10 

133 18 21-06 

176 40 28-31 

6*1660632 

6*1168405 

6*1449292 

6*1402679 ■ 

6*1882087 




SHAMBA = 

H. 



e 

S. Lat. 20 
E. Long. 29 

30 

30 

N 

59*699. 

2*767. 

Height above M.S.L. 

5022*2 Eng. ft. 

Station. 

Bearing. 

Log Length of Side, EnglLah Feet 

Standaus 

Wedza 

Belingwe 

Utowa 

= N 
• = Z 
= B 
= 0 

0 / // 

211 20 23*04 

281 62 26*61 

286 88 68*92 

846 6 12*66 

4*8086618 

6*1966661 

6*14-19292 

6*1066686 
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Tablb HI—contimted. 

STANDAUS = N 


S. Lat. 20 21 54-699. Height above M.S.L. 

E. Long. 29 35 54*599. 4114*0 Eng. ft. 


Statiou. 


Bearing^. 

Log Length of Line, English Eeet 

.Shamba = 

H 

0 / // 

81 18 20*14 

4*8086518 

Wedza = 

Z 

244 68 81*62 

4*9982192 

JBelingwe = 

B 

818 24 80*92 

6*1402679 


WEDZA =, Z. 

S. Lat. 20 14 55*891. Height above M.S.L. 

E. Long. 29 51 42*042. 4837*4 Eng. ft. 


Station. 

Bearing. 

Log Ijeugth of Line, English Feet. 

;Sliainb^ := 

H 

O f If 

61 44 62*97 

6*1966661 

Standans = 

N 

64 61 2*81 

4*9982192 

Belingwe = 

B 

866 41 6*86 

6*1882087 
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Keport on the Trigonometrical Survey of the 
Transvaal and Orange Elver Colony. 


INIRODUCTOBY. 


1, The general scheme for a continuation of the Geodetic Survey is 
contained in con’espondence which passed between tho High Cominissioner 
and Sir David GiU, H.M. Astronomer at the Cape, and is definitively laid down 
in the High Commissioner’s instructions to the Swerintendent of the Survey, 
dated 14ui October, 1902; in his letter to Sir David Gill, elated 18th May, 
1905; and in Sir David Gill’s letter to the Superintendent, dated 26th 
September, 1903. 

Qeodefcio 2. The Geodetic Scheme above referred to ooinprisod the following, 

scheme. namely:— 

A. Extension ol the arc along the 28th meridian southwards through 

Basutoland to join the existing Cape chain of triangl(« neiu’ Cala m 
Cape Colony (No. 7 below). 

B. Extension of the Longitude arc fi’om Wepenor eastwards through 

Basutoland to connect with the existing chain in Natal. 

a. Extension of the Longitude arc through Kroonntad from Newcastle 
to the coast. 


D. Extension of arc along the 30th meridian from tho Limpopo to existing 
triangulation in Rhodesia, in the neighbourhood of Gwolo. 

Work to be 3 _ The scheme was based on what was proposed to he done in tho new 
■foanwaal Colonies, in which the following chains of Primary Triaugulation wore to be 
and Orange mn, namely :— 


Biver 

Colony. 


No. 1. From Kimberley through Kroonstad eastwards to Natal, con¬ 
necting work ah’eady existing in the neighlxmrhood of Kimberley 
with that at Newcastle. 

No. 2. Hopetown to Wepener, starting from existing work near Oi'ange 
River Station in the Cape Colony and proceeding eastwards to 
connect with No. 7 below. 

No. 3. From Belfast to Ottoshoop, connecting tho northern tei’minal of 
No. 4 below with the chain along the 30th meridian. 

No. 4. From Kimberley to Ottoshoop, an extension of the chain of 
previous work terminating at Kimberley, northwards. 

No,’ 5. From Ottoshom through the "Waterberg to the Limpopo, a north¬ 
ward extension of No. 4. 

6. Newcastle, along the 30th meridian, through BolGist to the 
Limpopo, a portion of the arc of meridian from the Cape to Cairo. 

7. From Pretoria, southwards through Kroonstad and Basutoland, 
to Cala in Cape Colony, along the 28th meridian, connecting No. 3 
above ■vnth toe existing chain through Griqualand East and the 
Transkei. 


No. 

No. 


No. 8. A short tie-chain connecting No. 4 with No. 7. 

Eze^tiona. 4, The foregoing chains (para^aphs 2 and 3) have all boon included in the 
work with the exception of No. 5, out nothing has been done as regards the 
extenmon of No. 1 to the sea coast, nor of No. 2 to join the Natal arc. The 
work inyolved in d (paragraph 2) is being executed under toe direct control of 
Sir David Gill, and the field work, by Captain H. 'W. Gordon, 11.E., is now 
completed. 

Nw survey 5. The work of the Transvaal and Orange River Colony Suiwey is 
on practically an extension of the Primary Triangulation of the Cape and Natal, 
executed during the years 1883-93, and, although the new work could have, 
stood alone, yet, for obvious reasons, it has been included with toe old in one 
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gdnwal reduotion, with the limitation, however, that the quadrilaterals of 
chains of the old work have been taken as fcsed, and have not, therefore, 
sujffered any change as a result of the reduotiona 

6. The whole of the triangulation chains in South Ahica are shown in 
Diagram I. The portion coloured pink represents work done in Natal and the 
Cape; that coloured yellow represents woi'k just completed in the Transvaal 
and Orange River Colony; the portion imcoloured represents Sir Thomas 
Madear’s work. 


7. The lengths of the several chains, which include the portions common 
to two that meet, are— 

A. Chains in Transvaal and Orange River Colony:— 

Miles. 

Kimberley through Kroonstad to Newcastle 335 

Hopetown to Wepener. 185 

Belfast to Ottoshoop .SOO 

Kimberley to Ottoshoop .. 240 

Newcastle through Belmst to the Limpopo 410 
Pretoria through Basutoland to Cala ... 440 

Chain ooruiecting No. 4 with Nos. 1 and 7 100 

B. Accessory chains, used in the reductions :— 

Port Elizabeth to Newcastle . GOO 

Port Elizabeth to Kimberley . 415 

0. Cape and Natal Survey dxoins :— 

Port Elizabeth to Caledon . 425 

Hanover to Calvinia . 800 

Oudtshoorn toFraserbtirg (tie-chain) ... 120 

1). Sir Thomas Madear’s chain :— 

Cape Point to Calvinia. 250 

B. Summaiy, total lengths :— Milea 

Chauis in Transvaal and Oi’unge River Colony ... 2,010 

Accessory chains .1,015 

Cape and Natal Survey chains ... . 845 

Sir Thomas Madeai-’s cnain.250 


Grand Total ... 4,120 


8. The table below gives the comparison between the old work and 
the new. 



New. 

Old. 

Totals 

or 

Averages. 

Number of yeai’S taken to complete .. ., ,, 


10^ 

14f 

Total milcago of oliaina . 

1807 

1020 

8487 

Area of obains in equuro miles . 

00,718 

02,447 

128,100 

Average breadth of chain . • .. . 

82’6 

88-6 

36‘3 

Number of triangles. 

178 

188 

811 

Avoran aroa of triangles (square miles) .. 

341 

470 

890 

Length of longest line . 

69*9 

101-3 


Average length of line along chains . 

24*C 

30-9 

27-1 

Approximate total cost . 

£72,000 

£50,000 

£122,000 

Oost per sq^nare mile. 

24a. 

10A. 

1U«. 9d. 

Cost per mile of chain . 

£89 

£81 

£86 


Nots.— Total mileage (line 2) excludes portions common to junctions of chains. 

Nttml)er of tiianglee(line 5) includes only tlie triangles used in computing the area. 

It is to be noted, in the above coimarison, that the chain from Kimberley 
to Ottoshoop crosses a stretch of very flat pountry, and that, as a consequence, 
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Diagram 
of the 
triangula- 
tion. 


Lengths of 
chaina 


Oomparison 
between 
old and 
new 
survey. 
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Cost of 
survey 
distributed. 


the number of trigonoihetrical points is large in proportion to the length of 
the chain, as well that the lines are short. If this cnain be neglected, the 
figures for the two surveys approximate much more closely, except as regards 
cost. 


9. The total cost of the survey has been, as nearly as possible, £72,000, 
which includes deductions for sums realised by sales of transport and general 
equipment. 

The area covered by the triangulation is:— 


Transvaal . 

Square Miles. 
. 32,601 

Orange Eiver Colony ... 

. 20,588 

Cape Colony . 

. 3,210 

Natal . 

. 1,000 

Basutoland . 

. 3,314 

Total 

. 60,713 


The shares of the total cost, as above, on the basis of area covered, 
would be:— 


Transvaal . 

... 38,662 

Orange Eiver Colony. 

... 24,415 

Cape Colony . 

3,806 

Natal . 

1,186 

Basutoland . 

3,931* 

Total 

72,000 


But as there was no agreement with either the Cape Colony or ‘Natal 
that they should participate in this primary work, and as the present survey 
has made considerable use of pre-existmg work in both, there is no question of 
their having to bear any portion of its cost. 

Sites rf 10 . Tn conjunction with the triangulation chains it was decided to 

base lines, measure base lines at or near the following places:— 

L^^po}®^ meridian. 

c. Ottoshoop, western limit of Transvaal, on the 26th meridian. 

d. Kroonstad, junction of chains Nos. 1 and 7 (paragraph 3), near the 27th 

meridian. 

e. Wepener, eastern limit of Orange Elver Colony, on the 27th meridian. 

All the above, except the Limpopo base, are located as stated. With 
regard to the latter, it was found that the difl&culties of every kind associated 
with the country bordering on the river quite precluded the selection of a site 
so far north, and, instead, a base was measured along the Houts Eiver, through 
the centre of Malitzi’s location. 

Availability 11. In addition to the foregoing base lines measured in the Transvaal gnri 
of base Orange Eiver Colony, there are available the base lines measured in the 

^riously Natal-Cape Colony survey, at Kimberley and Maritzburg, the former near 
measiirei ^1^0 26th and the latter on the 30th mendian. In other words, the survey of 
the Transvaal and Orange Eiver Colony, in the general reduction of its results, 
makes use of results previously obtained in Cape Colony and Natal to the 
extent of two base lines and over 1,000 miles of triangulation ftVin.in 


• There is no doubt that Basutoland’a ahaie of the cost ie out of all proportion to the 
practica] advantages of the work done there. The mountainous nature of the country permitted 
the use of very long lines, so that only five points are fixed therein. It is considered that a sum 
of £8,000 fully covers the value of the work done, and this sum has been credited to survey 
funds. Their share in proportion to the number of points fixed as compared with the total 
number in the survey is £2,000. Their contribution of £8,000 is very near the mean between 
this and their share in proportion to area edVered by triangolation as given a^ve, 
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^ 12. Strictly speaking, for the most accurate resnlts, the whole of the 
chains comprising the two surveys should have been mcluded in one general 
discussion. But it was clearly not a work which could have been thrown on 
the Transvaal and Oi-ange Biver Colony alone, and it was not to be expected 
that the Cape and Natal would participate in further primary work when, for 
all practical purposes, that hail ah’eady been completed some ten years ago. 
(See paraOTajm 5.) 

13. The detail of work first considei’ed was the measurement of a base line 
in the neighbourhood of Belfast on the 30th meridian; and a small party was 
sent there to make the necessary reconnaissance. In the course of this work 
four difierent sites for a possible base line of about 12 miles in length were 
reported on, the choice eventually falling on one which best fiilfuled the 
conditions, namely that which had its soufli terminal close to the monument 
at Belfast, and its noith terminal in the direction of Verloren Vlei. 

In the meanwhile, during the months of November and December, 1902, 
the necessary camp and transport equipment was being collected and packed 
at a temporaiy camp on land close to Mr. Mackenzie’s farm, about four* miles 
out of Pretoria. The site was very suitable in every respect, aud specially in 
an assured water supply and a minimum of risk from horse sickness. At this 
camp were delivered the borses, mules, carte, and other transport equipment, 
as well as tents, cooking utensils, etc., for use in camping in the field. 

14. Negotiations were carried on with a view to obtaining the services of 
two oflBoers of the Tloyal Engineers for the reconnaissance work on the tri¬ 
angulation chains, and a third to have charge of an olweiving party so soon 
as a sufficient number of points had been selected and beaconed in advance. 
The services, also, of four non-commissioned officei’S of the Royal Engineers 
were applied for as heliographers to the observing officer. The remainder of 
the personnel required as assistants to the varioris officers in charge of parties 
in the fidd were civilians obtained in the Colony. 

15. It has been of great advantage to tne survey that it was able to 
secure the services of Messrs. W. B. Robmson and A. Simms. These gentlemen 
had not long previously been engaged on the suiwey in Rhodesia, v^iere they 
gained considerable experience in the measxming of base-lines with the Jaderin 
wire appai’atus, and applied that experience successfully in their new work. 
Mr. Simms eventually had charge of an observing party in the field; and 
Mr. Robinson had charge of the computing office. The survey was fiirther 
fortunate in obtaining the services of three of the computing staff of tlie Royal 
Observatory, Cape Town. They rendered good service duidng the base 
measurements, and subsequently as computers. 

16. Reconnaissance work under Lieutenants King and Dunman, R.E., 
was started towards the end of January, 1903. The base-line staff was 
completed by the end of June, the preuminaries of laying out the line, 
sectioning, and rough measuring having been previously completed. The 
olwerving officer. Captain Gordon, R.E., with his party complete, started for 
Newcastle in July to commence observing on the chain of triangles to Belfast, 
so that by the end of that month all the work of the survey, with the 
exception of the levelling from Mean Sea Level, had been satiMactorily, if 
somewhat tardily, started. The levelling work was not entered upon till 
August, 1904. 

17. The Superintendent’s pai*ty then became free to proceed on its own 
mission of selecting the sites for the four remaining base lines, and, sub¬ 
sequently, of taking the necessary Astronomical Observations. 

18. The sequence of the most important items indicating the progress of 
organising and starting the work in its earher stages is conveniently given in 
the chronology below:— 


Oompre- 

hensive 

reduotion 

of South 

African 

Ghains. 


Selection of 

Belfast 

base. 


Temuoraiy 

Heau- 

quaiter 

oanip. 


Services of 
officers and 
non-com¬ 
missioned 
officers, 
H.B. 


Appoint¬ 
ment of 
Messrs. 
Robinson 
and Simms. 


Work of the 
Royal En¬ 
gineer 
officers. 


Super¬ 

intendent’s 

party. 

Chronology 
of chief 
events. 


1902. 


Nov. 3. Officer appointed Superintendent of the survey reached and 
reported at Pretoria. 

(14181) A 4 
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1908. 

Jan. 1. Mr, W. B. Eobinson taken on the strength as Oliiof Ooniputer. 

Jan. 15. Beconnaissanoe officers Lieuts. W. A. cle C. King and T. N. 
Dunman, RE,, reported for duty. 

Jan. 26. Equipment of reconnaissance putties oonijdeted, and they 
entrained for Newcastle to connuejice work, proceeding 
northwards to Belfast. 

Eeh. 3. Mr. Bohinson and party entrained for Belfast to select a hasc-line 
site in that neighhonrhood. 

Mar. 21. First consignment of instnunents, ordeiwl from England in 
NovemW, 1902, through the Owjwn Agents, reached 
Pretoria. 

Mar. 28. Final decision come to os regards baso-liuc site at HolGist. 

Apr. 11. Oapt. H. W. Gordon, RE., reported for duty. 

Apr. 18, Entrained 60 mules to Belfast. 

Apr. 24. Struck camp at Mackenzie’s Farm. Headcjuai’tors onti’ainod for 
Bel&st, which became, for the time being, an assembling 
and a collecting centre. 

May 19. Bepsold Theoddite and Jaderin wii'e ap 2 )aratuH aJi’ived in ctnnp. 

June 11. Four non-commissioned officers, RE., awived, to act as holio- 
OTaphers to Captain Gordon. 

June 28. Mr. Simms reported for duty, and took over resiionsiblo charge 
of the camp and the measurement of bsise linttft, assisted 

T 1 t o temporarily by Mr. Robinson and a staff of twelvo civilians. 

July 18, Captam Gordon’s party stai-ted from Belfast for Newcastle, |)r(»- 
ceeding by road. 

Aug. 12. Superintendent’s party started for Ottoshooj) to select th(‘ site 
for the base line. 

Aug. 21, The measurement of Belfast base coin]>loted, and the party 
a X = m,. for Ottoshoop, rid De Aar and Mafoking. 

Sept. 5, The base line at Ottoshoop selected and laid out. 

Sept. 6. Base measuring party reached Ottoshoop. 

Sept. 10. Supennten^nt’s party left Ottoshoop for Woponor, Orange 

Biver Colony, entraining at Pretoria for Bloemfontoin, and 
thereafter by road. 

o li Wepeimr selected and hud ont. 

uct. 23. Base measurzng party completed the measurement of the 
oshoop base and left for Woponor, entraining at 
MafekW for Bloemfontem tuid Thabanchu, and thereafter 

•NT oo a 1 Pl'®°®®“’^g by road. 

JNov. 23. S®l®^^^of site for the Kroonstiul base completed, and the line 

Nov. Si. Suporintendenf B party returned to Protorio. 

»thXzr"™ ™ 


Ohronology 
of parties* 
IdoutKing, 


JtUfiCONNAISSANCE. 

triangulation ^S^w^most selection of points for the 

Lieuts. King and Dunman and expeditiously carried out by 

work thSTSfficers pSedt ?• 

penormed is given m the chronology below :~ 

20. Aieat, 

1903. 

fc. as: Iffor Newoi^tle. 

pletedZ^e&r^“] “I «»“- 

together. “ “ stations in that neighbourhood 
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1903. 

May 26. Started on reconnaissance alone to select points of a chain to the 
Limpopo. 

July 80. Beached the Limpopo (250 miles), selected points in the neigh¬ 
bourhood, reported unfavourably on the possibilities of a 
base-line site, and continued his reconnaissance for a chain 
of points aoi’oss the Waterberg towards Zeerust and 
Ottoshoop. 

Nov. 1. Completed his work in the neighbourhood of Eudteuburg (250 
miles) and returned to Pretoriti en route for further work, 
and to refit. 

Nov. 14. Started southwards from Pretoria to select points of the chain 
through the Orange Eiver Colony and Basutoland to Cape 
Colony. 

1004. 

Apr. 2. Completed his work at Lubisi in Cape Colony (500 miles). 

Apr. 9. Eetumed to Pretoria to complete his report. 

Apr. 29. Left for England on completing his work. 

His work consisted in recoimoitring and selecting the stations along 1,200 
miles of chain. 


21. TA&ut. Dunmom. 

1903. 

Jan. 26. Entrained at Pretoria with Lieut. King for Newcastle. 

Mar, 29. Beached Belfast (200 miles) with Lieut. King. 

May 26. Started on reconnaissance alone, to select points of a chain 
proceeding westward to Ottoshoop. 

Sept. 15. Competed this work (800 miles), and continued towards 
Kimberley, experiencing considerable difficulty in selecting 
suitable points across a fiat, waterless country, and running 
several tentative lines. 

1904. 

Mar. 10. Joined by Capt. Ley, RE., and working together, abandoned 
the &eot route to Kimberley from Ottoshoop. 

Apr. 21. Completed selection of points for a chain between Kroonstad 
and Kimberley, having separately and in conjunction with 
Capt. Ley reconnoitred some 850 miles of country. 

Apr. 30. Started with Capt. Ley on reconnaissance of a chain between 
Hopetown and Wepener. 

June 7. Completed the work at Wepener (220 miles). 

June 14. Returned to military duty m South Africa on completion of his 
report. 

His work consisted in reconnoitring and selecting the stations along 1,070 
miles of chain. 


22. Ca/ptam Ley. 

1903. 

Oct. 80. Reported for duty at Pretoria. 

Nov. 12. Entrained with his party for Newcastle to select the points of a 
chain thence to Kroonstad. 


1904. 

Feb. 28. Completed this work and reached Kroonstad (200 miles). 

Mar. 10. Joined Lieut. Dunman at Hoopstad. 

Apr. 21. In coniunction with Lieut, ilunman completed the work of 
selection to KimberW (150 miles). 

Apr. 80. Started with the same officer on the chain between Hopetown 
and Wepener (220 miles). 


Lieut. 

Dunman. 


Oapb Ley. 
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Exceptions. 


Parties 
combined 
at start 


Instructions 

issued. 


1904. 

June 8. Returned to Pretoria on completion to refit and receive instruc¬ 
tions for fiu*ther special work. 

July 7. Commenced the reconnaiasduce of the chain between Kimberley 
and Ottoshoop (250 miles). 

Nov. 10. Retvmxed to Pretoria to mate preparations for beaconing and 
observing this chain. 

His work consisted in reconnoitring and selecting the stations along 820 miles 
of chain. 

23. It will be noticed that a great many more miles of chain were 
reconnoitred than have lieen included in the completed work of the survey. 
But very early in the work it was decided for economical i*easons to omit the 
chain across the Waterberg between the Liiujjopo and llustenburg, and to 
discard a number of points which were fixed in tlio neighbourhood of 
Kroonstad. 

24. It was advantageous to start Liouts. King and Dnnman to work 
together between Newcastle and Belfivst, so that they might train their 
assistants, gain some experience of the county and its possibmties, and learn 
fi:om their co-operation in reconnaissaixce work how better to carry it on 
when separated. Their civilian assistants had htul no previous experience of 
such woA, no particular knowledge of the t(y]^)ogi'apliy of the country, and 
only became really helpful by the time the poitios separated at Belfast. 

25. All necessaiy iimbruotions for the coudiict of the work and safe- 
warding the health of the party and its oipiipment wore issued to the parties 
before they took the field. Those are, generally, contained in the following 
extracts:— 

A. The general principles underlying the selection of the trigonometrical 

points may bo stated as follows:— 

The angles of all triangles should bo os nearly as possible GO®, and 
the sides not less than 30 miles or exceeding 50 miles. If 
nothing better can he done, their length may go to GO or even 
70 miles. No angle of a triangle shoxud lie less than 40®, imless 
a c^uadrilateral or polygonal figure can he completed between 
adjacent points. 

B. The_ selection of the actual site where the l)eacon is to be erected at a 

trigonometriced point is an impoikaut consideration, The best is a 
rock foundation, and this should always, if possible, bo soleoled to 
receive the iron pin serving to permanently mark the point. 

c. On every trigonometrical point selected some form of temporary 
beacon shouH be erected, m order that the point may l)e recognised 
and distinguished firom others as the work is proceeded with. 

I). Every trigonometrical point should be sketched, and I’eporied on os 
foUowB:— 

Water supply ajb foot of mountain and on summit. 

Site for a camping ground, preferably close to water. 

Nat\ure of approaches to the point from the nearest rood. 

Nature and neight of ascent. 

Labour to he obtained in the neighbourhood. 

Position of the nearest farm or farms where supplies of food and 
forage can be obtained. 

Distance and direction of nearest offices—post, telegraph, magistrate, 
and native commissioner. 

An outline sketch of the distant country, showing the positions of 
other trigonometrical points visible, and to assist in recognising 
points ahead which offer themsd.ves for selection. 

H. The trigonometrical points should he given their local names, or as 
found on the maps supplied; and as each point is finally selected and 
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left behind, with its temporary beacon, the name should be left 
clearly mai’ked on a piece of paper fastened to the base of the pole, 
and enclosed by a pile of stones. 

p. Every cai-e should be taken of the horses and mules, uudei- the general 
instoictions issued regardiug them. Instructions are also issued as 
regards the care of the personnel. 

Q. A careful diary should be kept of each day’s work, to form the basis 
of the reports you are requii'ed to furnish. All accidents should be 
entered, and every incident that has a bearing on the health and 
efficiency of the party, or that might be oi importance to the 
beaconing and observing party to follow. 

H. You must exercise your discretion as to trekking at night, preferably 

moonlight nights, rather than in the day-time. Otherwise, the best 
time for trekking is the early morning and late evening, that is, fiom 
dawn for three hours, and for three hours before suixset, six hours in 
all, dui'ing which you may expect to cover thirty miles on an average 
road. 

I. Detailed instructions were issued on the mode of drawing up a scheme 

for occupation of the trigonometrical points by the several fractions 
of the observing party, similar, in all respects, to those issued on the 
Cape-Natal Survey, aixd epitomised in the report on that work. 
The advantages ox the scheme are faii'ly obvious, and its effective 
operation has been proved in the course of the present work. 

J. The information collected by the reconnaissance officers was formulated 

M a report intended eventually for use of the observing party and 
its hehographers. But before it reached them, it was mst sent to 
the beaconing party, following in its wake, for its use, enabling it to 
make sure of tlie points to be beaconed, and to travel by the best 
and shortest roads from one point to another. The lieaooning 
officer, in his turn, corrected, amplified, or supplemented the infor¬ 
mation where necessary, and then forwarded the report to the 
observing officer, who thus became possessed of accurate information 
upon which to base his movements. The information proved of the 
greatest possible service in removing all uncertainty as to the best 
routes to take, as to the condition of the roads and approaches to 
the points, and possibilities of obtaining supplies of food and forage. 

K. As a guide to the reports which had to be rendered on trigonometrical 

points, the tbllowmg illustrative reports were issued to reconnais¬ 
sance ’ officers. They give all necessary information in a concise 
form. 


TRIGONOMETEIOAL POINT: HLATENKUNGU. 

General Descj'vpUon. — A. conspicuous flat-topped mountain, just N. of the 
Umtwalume River, and close to the sources of the Ifa&. 

Beacon .—On the highest point of the mountain. 

lYaJer.—There is no water on the summit except in shallow pools in the 
rock after rain. The nearest water is at a roring issuing fixim a rock on its 
eastern face, about 400 feet below summit. It rarely fails except in extareme 
drought. A perceptible track leads down to it, leaving the eastern escarp¬ 
ment in a direction by compass 7^ degrees, and distant from the beacon about 
400 yarda A pole has been erected mdicating this point. 

Damping womd .—The beet camping ground for the main party is at 
foot of the moimtain, on its western sidle, where water is abundant both from 
a spring and in the dam below, on Mr. Stewart’s farm, who can provide both 
forage and the ordinary food supplies. 


Illustrative 

reporta 
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Ascent. —^The accent irom the farm to the heacon is somewhat steep and 
rough in places, hut presents no real difficulty for the carriage of the instru¬ 
ments. Mr. ytewart will supply natives to assist in this, charging 5s. for 
each native for the trip up and down. There are Mly 40 natives available. 
The height to be dimbed is 2,300 feet. The ohserving party will have to 
camp on the summit, on the grassy part near the edge of the bush which 
comes up to the edge of the table. 

Firewood, —^Firewood is plentifiil everywhere. * 

Post Office and Tdegraph Offii^. —The nearest telegraph and magistrate’s 
offices are at Izopo, distant 15 miles. The nearest post office is at High 
Flats, distant 4 nodes, but Mr. Stewai*t has a roadside nag which is emptied 
daily at 9 a.m. 

Eoads. —The road from the Ixopo to Uinzinto passes round the northern 
end of the mountain and bends southwards to pass close to the farm. The 
roadway is generally good. The shortest way to this trmonometrical point 
from Bachmond is by ^ringvale, and distance 35 miles, l^om Mabehlan, by 
Ixopo, distance 45 miles. From Hancock’s Drift over the Umzimkulu, by 
the Umzinto road, 40 miles. 

Compass Bearings — 


Bluku 

... 252 degrees. 

Malowe 

293 „ 

Mabehlan ... 

330 „ 

Drake’s Hill 

... 37 _ „ 

Inkunye ... 

... 59 ,, 


TRIGONOMETEICAL POINT: MABEHLAN. 

General Description. —^This is a difficult point from nearly every point of 
view. It is a flat-topped mountain with kranzes 80 to 40 feet high all round, 
and the slopes leading up to the foot are covered with large boulders which 
make climbing somewhat laborious. The mountain is on the south bank of the 
Umkomanzi H., about fourteen miles below the drift, and distant from this 
river fdUy ten miles. The road to the point from the main road over the drift 
is distinctly bad, crossing several deep dongas with bad approaches, and the 
greater part of the track (it is not a road) is very stony. Still with care it is 
passable, and it brings you to within two miles of the foot of the hills. 

Beacon. —^The beacon is practically in the centre of the table top on which 
or near which there is no water. 

Comping Ground. —The only possible camping site is close to the road, 
directly opposite the mountain; there is a spring at the foot of the mountain 
on that side, with a small natural reservoir at which horses could be 
watered, and from which wcUes' will have to be brought for drinking puiposes 
in camp. 

Ascent. —The height to be ascended is about 1,500 feet. There is no track, 
but the ascent can be made anywhere, although the actual line reconunended is 
dearty marked by poles with small white flags. 

The observing party will have to camp on the summit, and fetch water 
from the spring bdow. 

Firewood. —The supply of firewood is very scanty, but sufficient if the 
kaffirs are sent out to collect it. 

Lahowr .—^Labour for the ascent will have to be brought from Mr. 
Thornton’s ferm at the drift. His charges are 7s. 6d for each native for the 
trip up and down. He can supply with his own and neighbouring farms up to 
80 or 85. He has plenty of mealies, but no other form of forage, and can 
supply meahe meal lor the natives. 

Post Office a/nd Tele^aph Office. —^The nearest telegraph and magistrate’s 
offices are at Ixopo, distance 50 miles. The nearest post office is at Mr. 
Thornton’s, distance 14 miles. 
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Compass Bearings — 

Zwartkop 
Table Mountain 
Drake’s Hill .. 
Byrnetown 


54 degrees. 


100 

180 

257 


ff 
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In the instructions actually issued, no detail was considered too trivial to 
refer to, and to this, and to the zeal and ability of the officers entrusted with 
this most important portion of the work, may be attributed the satisfactory 
selection of the chains and the rapidity with which the reconnaissances were 
completed. 

26. The equipment of the reconnaissance parties consisted at first, for one Trapsport 
party, of a two-wheeled open cart on springe, five mules, three horses, and 

three natives, each officer having one civilian assistant. But it was soon found 
that the single cart was insufficient, owing to the frequent necessity for 
carrying supplies of forage, and it was replaced by a short buck wagon on 
springs, requiring five additional mules. 

27. Each pai-tv was further provided with— Inati-a- 

^ inouts. 

1 Anei'oid Barometer 

1 Prismatic Compass 

1 TelescOTie 

2 Field Glasses 

2 5-iii. Heliographs 

I Watch 

1 Circular Protractor 


and the necessary maps, notebooks, multiple copying books, drawing paper, etc. 

28. The totm cost of the work of reconnaissance has been as nearly as 

g ossible, .£8,358, which includes all items of expenditure, but excludes sales. 

'or this the number of points fixed has been 187, representing ten times that 
number of mUes of chain, at a cost jier point of .£44 1 3b. lid. 


Goal of the 
Kecounais- 
aanoe. 


BEACONING. 

29. The form of beacon generally erected is the same in eve^ respect as Boacou 
of those erected during the <%.pe-Natal Survey, 1883-93, and fully described employed, 
and illustrated in the repoi'b. Essentially, they consist of an iron pipe, 8 ft. 

long, siumounted by four semicirculax discs of sheet-iron at right-angles to 
each other, so that these present a regular figure vamng firom a circle to an 
ellipse firom whatever point they are viewed. The foot of the iron pipe fits 
over the rounded head of an iron pin, leaded into rook or set in concrete as 
the permanent mark of the station. ’ The pipe is guyed to the ground by 
means of iron pegs, and a pile of stones protects botn guys and piping in a 
substantial manner. The discs and piping are painted a dull bla^, and the 
name of the station is stencilled on tne discs in white paint. 

30. This form of beacon, erected along all the chains, the points of which Beacon 

are situated on high mountains or at places not fire<mented by irresponsible ^ 

people, was fairly safe fi?om injiuy or displacement. But for the oham firom Kto^rloy 
Kimberley to Ottoshoop, which crosses a flat county, where such beacons toOtto- 
would be top conspicuously seen, and easily approached by the casual person, stoop. 

a concrete pillar four feet high was substituted as the permanent mark. The 
theodolite was placed upon this pillar centrally over the axis of the ^vanized 
iron tube described in paragraph 31, To define the station for observation 
from other points, a wooden jJole, sunnounted by wooden discs, was inserted 
in the tubing. The pole and discs were, therefore, removable. 

31. The concrete pillars above referred to were erected expeditiously and Concrete 
accurately with the help of an iron form (see photo. No. 16), consisting or four 
semi-cylinders, separable for convenience of transport, but capable of being 
fastened together to make up a hollow cylinder, four feet high and with an 
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Cost of Oon- 
orete Pillar 
OTobibitiiTe 
for general 
use. 


Ohronology 
of parties. 

S.B.Mor- 

geniood. 


J. F. GilL 


internal diameter of 1 ft. 10 in. This was firmly set up over the selected 
point on the ground, and was filled with concrete, the interior having been 
previously greased to prevent the cement adhering to the sides. To make 
room for the pole of the beacon, a four-foot length of galvanized iron tubing 
was set up centrally inside the iron mould, and held in position, while the 
latter was being filled, by cross arms, on the top of the moidd, which had a 
circular hole to take the top of the tube. The foot of the tube was held firm 
by an iron pin in the ground, over which it fitted. 

32. It would have been of the greatest advantage to have had this form 
of beacon erected generally, but the cost of transporting cement, sand, and 
stone Was quite prohibitive for any but a flat country and where the points 
could be reached by Cixi'ts. The concrete pillars served as a firm support for 
the instrument, independent of all weather changes, whereas the wooden 
portable tripod generdly used was, naturally, not so reliable. 

83. Fomr beaconing parties were eventually organised, and the work they 
performed is given, for each party, separately below. 


Party under charge of Mr. 8. B. Morg&nrood. 

1903. 

Jan. 11. Taken on strength of the Survey. 

Jan. 2ti. Entrained for Newcastle with Lieutenants King and Dunman, 
and startled beaconing along the chain towards Belfast so 
soon as the first few points had been selected. 

June (). Completed to Baatjes Bult, and reported at Bel&st, having 
Deaconed 12 points. 

1904. 

Feb. 9. Continuously employed in the beaconing round Belfast, and 
thence along the chain to Ottoshoop, and completed at 
Pretoria, having beaconed 12 more points. Twice held up 
in low veld by horse-sickness. 

May 27. Completed beaconing of a fuitiher 8 points towards Klerksdorp. 

(Most of these were subsequently discarded. See para¬ 
graph 23.) 

June 8. Left Pretoria for Quaggafontein, 73 noiles N.W. of Belfast, 
and continued the beaconing through the bushveld towards 
Ottoshoop. 

Aug. 4. Completed this work, having beaconed 10 points, and returned 
to Pretoria. Concreted 3 points in neighbourhood of 
Belfast, where the ground was soft, and returned to- 
Pretoiia. 

Aug. 22. Proceeded to the trigonometrical points neai* Thabanchu to 
report on the manner in which the beacons had been 
erected by Mr. Middleton, returning to Pretoria on com¬ 
pletion. 

Sept. 17. Left by train for Zastron, on report of Mi*. Simms, to take over 
beaconing irorn Mr. Middleton, and completed beaconing of 
bis remaining 6 stations. 

Dec. 13. Returned to Pretoria. 

Dec. 21. Discharged on completion of his work and reports. 

In all, Mr. Morgenrood erected beacons at 48 stations. 

34. Party undea' charge of Mr. J. F. Qill. 

1908. 

July 17. Taken on strength of Survey and placed in charge of the camp 
at Mackenzie’s farm. 

Nov. 12. Entrained for Newcastle to beacon the points of the chain thence 
towards Kroonstad, following Captain Ley’s reconnaissance. 

1904. 

Apr. 17. Completed the above, beaconing 8 points, and returned to 
Pretoria, 
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1903. 

May 2. Entrained for Belfast to commence on the chain to the Limpopo, 
and beaconed a further 13 points. 

Aug. ] 5. Eetumed to Pretoria to write up his report. 

■ Sept. 2. Entrained for Elroonstad and started the beaconing on the chain 
to Kimberley and beaconed 14 points. 

Dec. 2. Eetumerl to Pretoria to complete report and hand in equipment. 

Dec. 21. Dischaiged on completing his work. 

In all, Mr. GiU erected beacons at 35 points. 

35. Party under charge of Mr. C. de O. Middleton. 

1904. 

Jan, 12. Taken on strength of Survey. 

Jan. 25, Started on the beaconing of points along the chain from Pretoria 
southwards through Basutoland to the Gape Odony. 

Sept. 24. Completed beaconing as fai* as the neighbourhood of Zastron, 
and was there relieved by Mr. S. B. Morgenrood, returning 
to Pretoria. 

Oct. 20. Completed his report and was discharged. 

In all, Mr. Middleton erected beacons at 27 points. 

36. Party under charge of Mr. C. E. Ezzey. 0. B. Ezzey. 

1903. 

Jan. 15. Taken on strength of Sui’vey, acted as conductor to various 
parties, and was in charge of transport in camp at Belfast. 

1904. 

Aug. 25. Entrained for Edeubuig, en route for Hopetown, to beacon the 
Oct, 21. chain thence to "V^pener. Beaconed 12 points and returned 
to Pretoria on completion. • 

Deo. 20. Entrained for Smaldeel, proceeding thence by road to Boshof to 
beacon the chain between Kimberley and Otto8huf)p. 

1905. 

Apr. 25. Completed the above work, beaconing 47 points by the erection 
of concrete pillars, and returned to Pretoria, 

May 6. Entrained for Kh’oonstad, en route to select points of a chain to 
connect the triangulation in that neighbourhood with the 
chain between Kimberley and Ottoshoop. Selected and 
beaconed tive points. 

June 19. Eeturned to Pretoria on completion of above. 

July 31. Completed his reports and was discharged. 

In all, Ml'. Ezzey erected beacons at 64 points. 

37. Beacons have been erected by : .Sunomari’. 

Poiuia. 

No. 1 party at 48 
)) 2 ,, „ 35 

» 3 »> » 27 

» ^ 

Total 174 
Add 11 base-line terminals 11 
Deduct 5 points discarded 5 

Total 180 stations. 

38. The beaconing parties were instructed ftiUy as regards the form of Inetraotions 

the beacons to be erec^, and as to the cai'e necessary in ensuring that the ^ 

pin was firmly fixed in the ground as the permanent mark of the station, and 


0. cle 0. 
Middloton. 
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that the beacon ■was accurately and firmlj erected and safe-guarded by^ a con¬ 
siderable pile of stones. For verticalismg the iron piping representing the 
pole of the beacon, an iron level was provided. 

■ 39. Instructions similar to those issued to the reconnaissance officers 

wOTe issued to the beaconiug parties as regards signalling, care of the 
animals and of the transport and camp equipment, and health of the 
peraonneL These are given later on in this report under the several 
headings. 

40. The equipment of a beaconing party consisted of one open two¬ 
wheeled cart on springs, 5 mules, I home, and three natives, except that the 
party under charge of Mi‘. Ezzey, which had to erect concrete pillars, had one 
trolly wagon, one open two-wheeled cart, carrying a cask for water, 16 mules, 
2 horses and four natives. Each party carried:— 

1 magnetic compass, 

1 pair field glasses, 

1 watch, 

with a supply of stationery. 

41. Tne total cost of the beaconing has been £5,780. The total number 
of points beaconed being 174, the cost for each point is £33 4s. id. 


OBSEBVING. 

42. For some considerable time only one party was observing in the 
field —the party under Captain Gordon—^wnich, as abeady stated, commenced 
its work at Newcastle towards the end of July, 1903. Its work and movements 
were as shown below :— 

1908. 

July 25. Commenced observing at Salt Lake in NataL 
1904. 

Mar. 2. Beached neighbourhood of Belfast and observed at points in 
vicinity, proceeding thence westwards along the chain to 
Ottoshoop. 

July 11. Beached nei^hourhood of Pretoria, to find that the dense 
haze of grass fire smoke quite precluded any observations 
over thelon^ lines, and decided to trek to Ottoshoop and 
start observmg at that terminal of the chain. 

July 30. Beached neighbourtiood of Zeerust. 

Oct. 24. Completed the chain and returned to Pretoria, and refitted. 

Nov. 11. Started by road for Thabankulu in Natal to commence work on 
the chain, between Newcastle and Kroonstad. 


1905. 

Mar. 6. Beached Kroons'tad. 

Mar. 11. Continued his observations thence towards Kimberley. 

May 19. Completed his work at Scholtzkop, in Cape Colony. 

May 26. Started from Kimberley, prooeedmg by road, to Orange Haver 
trigonometrical point (Cape Cdony). 

May 28. Commenced observing at that point, and proceeded thence along 
the chain to Wepener. 

July 23. Completed his observations at Jammersberg, and commenced 
his return journey. 

Aug. 5. Beacbed Pretoria. 

Aug. 25. Transferred to the Swaziland Survey to run a chain of points 
from the Transvaal chain in neighbourhood of Carolina 
due eastwards to the Portuguese boundary. 
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1906. 

Feb. 1. Eejoined the Trigonometrioal Survey, and conunenoed the re¬ 
connaissance, beaconing, and observing of a subsidiary 
chain of points along and related to the primary line 
between Cable Hill and Observatory Hill, Johannesburg. 

April 8. Completed the above, and returned to Pretoria, where he was 
engaged in writing up his report, and in prepaaing a de¬ 
scriptive list of the whole of the points on the survey. 

July 1. Transferred for completing the work on a chab connecting the 
Limpopo teimmals of the Transvaal arc with existing 
triang^tion m the neighbourhood of Gwelo (Rhodesia). 

43. Captain Gordon’s party is responsible for the work of observing along 
the chains as foUows :— 





Milos 

No. 

Months 

Points 

Ohaiiu 



of 

of 

to 

per 




ohafn. 

points. 

oomplete. 

month. 

Newcastle to Bolfast .. 


• ■ 

170 

19 \ 

14 

2-4 

Belfast to Ottosboop 


■ • 

800 


Newoasfile to Kroonstad 


• • 

180 


ft 

4*7 

CrooDStad to Kimberley 

* • 

• • 

206 

17/ 

U 

nopetown to Wiener .. 

-- 

• • 

186 

14 

8 

4*7 




990 

76 

28 

8'8 

Cable Hill to Obseiratory 

« • 

• a 

84 

14 

2 

7*0 

Totals .« 

• • 

■ • 

1,024 

90 

26 ^ 

— 


Tho last item above is not a part of the primary triai^Iation, bob may be biassed as 
secondary. Beferenoe to Ibis is made hereafter (paragraph 147). 


44. Captain Gordon’s party was singulaily unfortunate as regards the 
atmospheric conditions diuing the eai’lier stages of his work, as may be seen 
from the table above, m that whereas he took 14 months to complete the first 
34 pomts, he only took six months to complete the next 28, and three months 
over the last 14 points of his primary work. The disabilities arose out of the 
prevailing dense haze of grass-fire smoke, which was also found to be a very 
serious oratade to progress m I^atal. On the other hand, progress along the 
chains in Cape Colony was almost monotonously rapid owing to its general 
freedom from this nuisance. 

45. - It was nob till the measurement of the base Ibes was completed that 
the second observing party became available under‘charge of Mr. Simms, in 
July, 1904. The bMe-line party was reorganised and equipped for tho new 
work during that month. The work and movements of the party were as 
follows:— 

1904. 

Aug. 15, Commenced observing in the neighbourhood of Pretoria along 
the chain southwards -through the Orange River Colony 
and Basutoland to Cape Colony. 

1905. 

June 10. Completed the above and entrabed at Indwe station (Cape 
Colony) for Pietersburg (Transvaal), proceeding thence by 
road to the Limpopo to start work on the chab between 
the river and Belfast. 

1906. 

Jan. 10. Completed the above and returned to Pretoria, entraining at 
Belfast. 

Feb. 28. Completed his reports, and was discharged, 
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■Work done. 46. Mr. Simms’ party is responsible for the work of observing along the 
chains below:— 


Chain 

Miles 

of 

chain. 

No. 

of 

points. 

Months 

to 

complete. 

Points 

per 

month. 

Pretoria, through Basutoland, to Cape 
Colony. 

440 

89 

10 

8-9 

Belfast to the Limpopo .. 

240 

18 

. 

7 

2-6 

Totals .. 

680 

67 

17 

8-4 


Oonditionfl 47. It may be said of this party that it had average luck in the weather, 
of country. more physical exertion to go through in having many higl^oints 

to olimh, at first through Basutoland and the N.E. districts of Cape Colony, 
and eventually along the ranges of mountains running north from Belfast. In 
the former, one point is over 10,000 feet above sea level, three over 9000, and 
six over 8000. The high points were occupied in the summer and autumn 
seasons. It is doubtfiu whether their ascents would have been practicable 
during the winter. 

Oapt. Ley’s 48. Beference has been made (paragraph 21) to the unsuitability of the 
party. country lying between Kimberley and Otto^oop for laying down a primary 
triangulation through it, and it became necessary to run a chain of a secondary 
order to connect these two base lines. The work was entrusted to Captain 
Ley, and he very skilfully and expeditiously selected the points, superintended 
the beaconing, and completed the necessary obsei'vations, as given below (see 
paragraph 22 for his previous history):— 

1905. 

Jan. 6. Having reorganised and equipped his party, and being fiimished 
with a xle^ld theodolite for his observations, started for 
Boshof (O.B.C.), entraining at Pretoria for Smaldeel, and 
proceed^ thence by road. 

July 4. Completed his work at Zeerust and returned upon his tracks to 
commence observations of the tie-chain, Driekuil towards 
Kroonstad, 

Aug. 28. Completed the above and returned to Pretoria, entraining at 
Smaldeel Wrote up his reports and handed in all his 
equipment. 

Nov. 4. Embarked for England to return to military duty. 

Work done. 49. Captain Ley’s party is responsible for the work of observing along 
the chains below :— 


Chain, 

Miles 

of 

drain. 

No. 

of 

points. 

Months 

to 

complete. 

Points 

per 

month. 

Kimberley to Ottoshoop. • 



240 

51 

6 

8-6 

Driekuil to Kroonstad .. 

•• 

• t 

100 

12 

2 

6-0 

Totals .. 

•• 

« a 

840 

68 

8 

7-9 


Oonditions 
of country. 


50. This party had the easiest task to perform. There was no ascent of 
elevated points, in nearly every case they comd be approached with carts, but 
his observations were limited to the hour or two just preceding sunset, when 
the air was steadiest for observing. Moreover, as will he referred to later on, 
he only took half the observations set down for the two primary parties to 
nake. 
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51. A summary of the observing work shows that a total length of 2010 Summaiy. 
sailes of chain have been observed, containing 196 points, of which 20 are 
common to meeting or crossing chains, and that on the average four points 

were completed per month. 

52. The foregoing observations, with the exception of the i^ecial nTiain of Eepaold 
points referred to in paragraph 43, were all taken with a EotsoM 10-inch theodolite, 
theodolite, which is figured and described in the report on the Survey of the 

Cape and Natal; and the results obtained prove the great value of the instru¬ 
ment for geodetic and trigonometrical purposes (see photos. Nos. 1, 2, 8, 4, 28, 
and 24). It was always protected and screened firom the sun and wind by an 
enclosing hut, strong, light, and easily portable, similar in construction to that 
used on the previous survey, 1883-93, and fcdly described and figured in the 
report on that work. The instrument was ordinarily mounted for the observa¬ 
tions on a portable wooden stand, stiffened by iron braces (see photo. No. 9), 
also described in the above report. The canvas roof-cover ot the hut (see 
photo. No. 20) was made in one piece for the terrestial observations; in two 
pieces, allowing an opening a foot in width, for astronomical observations. 

Neither as regards the hut or the stand did the further experience of their use 
in the field necessitate any change in their construction. 

53. Captain Gordon and Ikb. Simms observed at all points of their work Arc eeroB. 
with the zeros of the horizontal arc set as follows :— 


Arc 1 
Arc 2 
Arc 3 
Arc 4 


CL 

O 

0 

Arc 5-| 

rcL 

0 

23 

CE 

180 

ICE 

208 

CE 

270 

Arc 6-j 

rcE 

293 

CL 

90 

1 CL 

118 

CL 

45 

Arc 7-| 

rcL 

67 

CE 

225 

ICE 

247 

CE 

815 

Arc 8-| 

rcE 

837 

CL 

185 

lcl 

157 


not, of necessity, accurately to the foregoing, but in their near proximity; and 
whenever any particular arc had to be repeated, either as a whole, or partially, 
the circle reaaings for that arc as recorded were always adhered to. The 
reference direction in all cases was, as nearly as could be determined, the true 
south Kne at each point. The instructions to the observer were to observe 
lialf the ores in the early morning and the remainder in the late afternoon, as 
being the hours of the obiy when the air might be expected to be dearest and 
steadest. But it was soon found that to observe strictly in this way would 
be the cause of considerable delay when the morning observations were 
frequently quite prevented by mist and haze. The vertical angles were all 
observed in the afternoon as near to sunset as possible, and m repetition 
equivalent to the first pair of arcs as for horizontal angles, the readings of the 
vertical arc levd being always recorded. 

54. The eyepiece of the theodolite is provided with a micrometer with a Use of 
number of fixed wires for astronomical observations and a movable wire. In tbeudolila 
the observations of the horizontal angles, a number of bisections of the helio¬ 
graph light, or beacon, were made, depending on their steadiness and definition 
m the field of view, the separate readings being recorded in the field hook. 

The watch telescope of the instrument was always set on some convenient 
mark near at hand, and the readings of its micrometer were recorded in a 
similar way. These records, with the readings of the micrometers of the 
horizontal circle and of the plate level, represented the complete observation of 
a point on one of the arcs. The values of a revolution of the sight and watch 
teJescopes were determined from time to time and recorded, the general' 
procedure being the same as adopted during the Cape-Natal Survey. 

65. Keference is fiiUy made in Mr. Eobinson’s report to the results of the Suggested 
observations of the horizontal and vertical angles, and to the method of 
adjusting the errors in the complex figmes in the triangulation, and the 
circuits of chains for errors of closure. The resulting probable error of the 

(14181) B 2 
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measurement of a horizontal angle is much the same as was found in the 
previoufl Biirvey of the Cape and Natal It would seem, therefore, as if a 
Eidt to accuracy in such observations, with the (to of instiiuneut used and 
under the c o nditi o Tifl of climate and atmospheric clearness and steadiness 
prevailing in South Africa, has been reached. It is to be observed that tlie 
whole of the work of both old and new surveys has always been done under 
pressure of saving both time and money j that no experimentation of any kind 
was ever possible j and that all observations have been strictly limited to the 
actual nececessities of a trigonometrical survey. It is thought that the 
general results of both surveys, although indicative of work of a high class, 
cannot pretend, for the reasons stated, to be of the highest class possible, 
which can only be reached when time and money do not enter mto tho 
considerations. 

56. A satisfactory method of including in the round of observations a 
distant station which was frequently bein^ obscured by mist or grass-fire 
nTnr>1rfl was to Set up a signal, usually a straight rod, two inches in diameter 
and painted white, at a distance from the obsery^ point of between 2 and 
S miles, and, as nearly as possible, in the vertical of the distant station. 
This rod was regarded as the distant station, and included in the usual round 
of observationa The beacon at the latter was then referred to the rod, at 
suitable opportunities, by means of the micrometer of the observing telescope, 
by simple vertical movement of the latter. It was in this way that ^e 
station at Yerloren Ylei was dealt with at Mare’s Kop and Langekloof, when 
persisten^ obscured by grass-fire smoke for the better part of every day. 

57. Ine observing party was organised and equipped much in the same 
way as was done on the Cape-Natal Survey, and consisted of the headqumier, 
or the actual observing, party and four heliograph parties, each provided with 
an 8-iaoh heliograph to contend with the longest lines of the chains. Tho 
heliographs served two purposes: in defining the points for observation, and as 
a means of communication between the several parties. In showing light at 
one point to another, the heliograph was carefully placed in the exact lino 
^tween the pole of the beacon and the distant point, the former not being 
interfered with in any way by a helioCTapher. ^e beacon was, however, 
removed^ by the observing party and reinstated on completion of tho 
observations. 

58. !^e foregoing refers to the parties under charge of Captain Gordon 
> and Mr. Si mm s. Captain Ley had no heliographers; the beacons on the short 

lines of his cham were easily visible without such assistance, especially as he 
always used the highest power eyepiece in his theodolite. In hie work the 
fom first arcs only of those given in paragraph 58 were used. It was 
originally intended to r^ard hie chain as pui-ely “ secoiidaiy,” because of tho 
shortneffl of the lines, and to obseiwe with an 8-inch Troughton & Siniins 
theodolite specially ordered fiom England for the purpose. But as that 
instrument, although ordered on the 2nd July, 1904, did not reach Pretoria 
M 2nd March, 1905, it was replaced by a 10-in(i Eepsold available. 
Captain Lej^s observations are, therefore, of the same class as those of tho 
other observing parties. 

59. Instructions were issued in detail to the observing parties, governing 
^e work of observing as refen-ed to in paragmphs 53 and 54, in addition to 
those relating to the care of the personnel and equipment The officers in 
c^ge were pai-tioulMly directed never, under any circumstances, to leave tho 
the Jiepsold theodolite mounted in the observing hut at night time, or when 
they were not m the immediate vicinity of the hut. 

GO. The equipment of the three parties was as follows 


A. Oa^tain Gordon. 


Transport ■< 


2 Cape carts, with hoods. 

6 Cape carts, open (4 for helio parties). 
40 mules (20 for helio parties). 

4 horses. 
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Instrumeut8< 


1 Bepsold theodolite with portable hub and sitind. 
1 prisnoutic oompass. 

4 pocket diale (for helio parties). 

1 telesoOTe. 

5 field glasses (4 for helio parties). 

5 8-inch heliogi'aplis (4 for helio parties). 

1 5-inch heliograph. 

1 pocket aneroid 
3 watches. 

1 sidereal chronometer. 


B. Mr. Simms. 


Transport 


^ 1 Cape cart, with hood. 

5 Gape carts open (4 for helio parties). 

< 1 wagon (in pevious use on base lines). 
36 miues (16 for helio parties), 
horses. 


Instruments 


^ 1 Bepsold theodolite with poi'tuble lint and stand. 

4 prismatic compasses (helio parties). 

! 2 chronometers (1 sidereal, 1 mean). 

I 4 field glasses (helio parties). 

3 S-inch heliographs. 

^6 5-inoh heliogi’aphs (4 for helio purtios). 


0 . 


1 trolley wagon. 

1 Cape cart, open. 

Transport 1 buggy (for transport of theodolite). 
17 mides. 

2 horses. 


Instruments 


"I Bepsold theodolite with portable hut tuul stand. 
1 prismatic compass. 

1 telescope with tripod stand. 

1 field gross, 

2 5-inck heliographs. 

, 1 steel tape. 


61. The personnel of the two primary parties consisted, eacli, of:— 

1 conductor. 

1 clerk and booker. 

1 assistant booker. 

4 heliographera 

Captain Ley had one civilian assistant, and one civilian hen^nner under 
his ordera 

62. The total cost of the observing has been j£25,448, excluding sales; 
the number of points observed, 185. The average cost per point is, therefore* 
£137 11a 2d. The cost of reconnaissance, beaconing, and observing of the 
secondary chain connecting Cable Hill and Ohservatoiy Hill is £436. 


BASE LINES. 

63. It will be convenient to give the essentials of information for each of 
the base lines as follows:— 

A. Position of terminals, with their latitude and longitude. 

B. General direction of line, as running from south or west terminal. 

Q Length of base and number of sections. 

(14181) B 3 


Pononuel. 


Oost of 
observing. 


Heads of 
Informni- 
tiou. 



22 


Belfast 

base. 


Ottoeboop. 


Wepener 

base. 


D. Heights of tenmnaJs above mean sea level 

IL Mean height of line above mean sea level 

V. Average gradient. 

0. Measurement commenced. 

H. Measurement completed. 

E. Jaderin wires used. 

64. Belfast Base. —In the preliminary reconnaissance for the selection of 
a site for this line, four suitable sites were examined, only one of which ful¬ 
filled generally the conditions laid down, especially as regards proximity to 
a permanent water supply and to a centre for the supply of food and forage, 
with a minimum of risk to the animals from horse sicLiesa The coimkcy 
round Belfast is not at all suitable for base-line sites ; it is far too hilly, and 
bleak and cold during the winter months, and liable to storms of high wind 
and rain; and it was, perhaps, unfortunate that the first base hne of the 
survey was not measured under more favourable conditions. 

The information for the Belfast base is— 


A. South terminal close to the Monument on farm Steynplaats (339).* 

North terminal on farm MoeHjkheid (776). 

South terminal 

B. North. 

0. 11'8 miles, with 8 sections, 

D. South terminal, 6391'4 ft. North terminal, 6605’4 ft. 

B. 6326 ft‘. 

F. 1 in 35. 

G. July I, 1903. 

H. August 21, 1903. 

K. Nos. 1 and 3, invar. 


fLat. S. 25° 40'. 
[Long. E. 30° 4'. 


North tmmal 


65. Oltoshoop Base. —^This base line proved to be the easiest to measure of 
the whole series. The great difficulty was the water supply—the only per¬ 
manent source near a suitable site was witbin the village lauds on the 
Malmani Biver, and this practically determined the selection. 


A. South ternunal on farm Kareebosch (108). The North terminal on 
firm Doornfontein (289). 


South terminal 
B. N.N.W. 


JLat. S. 25° 48'. 
iLong. E. 25° 58'. 


North terminal 


{ 


Lat. S. 25° 40'. 
Long. E. 25° 55'. 


0. 10*8 miles, with 8 sections. 

p. South terminal, 4733*3 ft. North terminal, 4689*9 ft. 

B. 4690 ft. 

F. 1 in 112. 

Q: September 11, 1903. 

H. October 23,1903. 

K. Steel, A/18 for two complete measures, and No. 3, invar, for thu*d 
measura 


66. W^^ener Base .—At the time this base was selected, a severe drought . 
WM prevaihng in the district, and as it was not possible to say how long it 
might last, it was considered essential that the line should be run as close as 
possible to the Caledon Biiver. Fortunately the country was favourable in 
every other respect. 


South terminal on firm Workshop (97). North terminal on farm 


South 


Waterford (99), and near Caledon River and bridge. 


fLat. S. 


terminal iLong. E. 27 
N.N.W. 


29° 55'. 
3'. 


+01^17101. S. 29° 44'. 
North termmal|j^^^g E. 26° 59'. 


* The nombere in brackets are the register numbers of the farms. 
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O. 13'5 miles, with 6 sections. 

D. South tenninaJ, 5251*6 ft. North terminal, 4802*7 ft. 
B. 4879 ft. 

P. 1 in 57. 

G. Nov. 15, 1908. 

H. Jan. 15, 1904. 

K. No. 3, invar. 


67. ^ KToon^itad Base .—^The same difficulty as regards water supply pre¬ 
sented itself in the selection of a site for this base line as happened at 
Ottoshoop and Wepener. The parts of the country most ffivourable for the 
actual measurement were completely waterless and inconveniently iar removed 
from a supply centre. The best line that offered necessitated crossing the 
vaJsch Biver, which was spanned by one of the longer Jaderin wires, com¬ 
pared before and after use with the usual measuring wire. 

A. West terminal on farm Tweedronk (788). East terminal on the Town 
Lands of Kroonstad, and distant about 5 miles from the town. 


27° 85'. 
.0 


West fLat. S. 
terminal I Long. E. 27 
B. E. by S. 

c. 12*3 miles, with 6 sections 

D. West terminal, 4692*2 ft. 

E. 4547 ft. 

P. 1 in 49. 

Gt. Jan. 28, 1904. 

H. ^r. 80, 1904. 

K. No, 8, invar. 


East terminal 


JLat. S. 27" 37'. 
[Long. E. 27° 13'. 


East terminal, 4691*7 ft. 


68. Houts B/wev Base .—^It was the intention, at first, to measure a line 
somewhere in the close vicinity of the Limpopo, at the most northerly point of 
the Transvaal; and the officer reconnoitring in that neighbourhood was 
instructed to repoft on favourable sites. It proved, however, that there were 
too many objections. There was no water to lie found anywhere except in the 
river, uo near source of food supply, the country is thickly covei'ed with bush, 
and is dangerous both on account of malai'ia and horse sickness. The despatch 
of a large party of men and animals into such conditions appeared to be too 
risky and expensive. The site eventually selected was much further south.* 

A. South terminal on farm Vaalkop (813). North terminal on farm 
Ealkbank (128). 


South fLat. S. 28° 52'. 
terminal L Long. E. 29° 14'. 

B. N.N.E. 


North terminal 


{ 


Lat. S. 28° 84'. 
Long. E. 29° 20'. 


a. *21*1 miles, with 8 sections. 

D. South terminal, 4658*4 ft. North terminal, 8707*2 ft. 

E. 3991ft. 

P. 1 in 78. 

G. May 27,1904. 

B. June 80, 19041 

K. No. 1, invar, except a small portion of the first measure, when No. 8, 
invar, was used. 


69. The alignment of the sectional points of the base lines at Ottoshoop, 
Wepenei’, and Eroonstad was carried out by means of a special telescope of 
three inches aperture and 36 inches focid length, with an eyepiece fitted with 
cross wires and mounted on the Y’s of a 10-inoh theodolite by Trougbton and 
Sinuns. With this aperture and a magnification of 100 diameters, all the 
sectional points were dearly seen in the mte afternoon from one tenoodnal of 
the line. But the halfway point was fii'st carefully fixed, and the remainder 

* The Bite of this base lioe was selected bj Mr. Simwip- 
(14181) B 4 


Eroonstad 

base. 


IXottts Biver 
base. 


Alignment. 
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wire 
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aligned between it and the terminals. There could have been no error in the 
alignment exceeding one inch. Such accuracy was not perhaps necessary, but 
the power of the instrument greatly expedited the work. 

70. In accordance with the general intention expressed in the covering 
letter to this report, the full details of the procedure in, and the results of, 
the measurements of the base lines is contained in the reports, separately 
furnished, of the four persons chiefly concerned in the work, namely:— 

A. Mr. Simms, responsible for the general conduct of the work, who has 

detailed the procedure of the whole, discussed the various points 
which have arisen as the measurement progressed, and flimished the 
flnal results. 

B. Mr. Cochrane, responsible for the levelling work, representing what 

was needed in accuiacy in the vertical plane. 

a Mr. Qummei*, responsible for the alignments of the successive tripods, 
representing what was needed in accuracy in the horizontal plane. 

D. Mr. Banks, _ responsible as the measurer at one terminal of the 
Jaderin^ wire (Mr. Simms at the other), lepresenting what was 
needed in accuracy along the line itself. 

These four reports practically cover the whole ground of measurement, and show 
that four slalful and careful men, at least, are absolutely necessary for 
ensuring successful work, 

71. The iTaderin wire apparatus, as originally received, consisted 
essentially of (see photos. Nos. 17, 18, 19 and 29):— 


A. The Jaderin wires of nickel-steel and brass, the brass and steel 
together forming a metalho thermometer, in lengths of 80 feet for the 
general measurement, and longer lengths up to 240 feet for special 
occasions. The actual wires received and available for use are as 
follows:— 


80 ft.. 


Nos. 1 , 3 and 5, invar. 

Nos. Ai 7 , Ai 8 , Ai 9 , A 40 — 2 nd class nickel-steel 
Nos. 2 , 4, and 6 , brass. 


1 crt A / No. 7, 3 rd class nickel-steel. 
^®®**lNo.8,brass. 

o.(n A /No. 9, Srd class nickel-steel 
iNo. 10 , brass. 


For the purpose of the ground standards referred to later on 
(paragraph 141), the wires below were cut down:— 


No. 5, invar, to 76 ft. Gape. 

The numbers A^ and 2 are, howevOT, on No. 2 and Ajo wires respec¬ 
tively, so that now Ajq is a brass wire, and No. 2 the measuring wire. 

B. Levelling instrument. 

0 . Levelling stafF. 

D. Ten tripods (numbered from 0 to 9l 

B. Two spring balances to extend the wires under a given puU; one 
reading to tentlis of kilogrammes for the preceding end; the other, 
to sin^e kilos., for the following end. ’ 

p. Aligning telescope to fit on the tripods. 


But the items in b, 0, B, and v were discarded as unsuitable or 
and a Cooke reversible level, a specially graduated levelling staff, and a free¬ 
wheel allowing of a constant tension to wires by the suspension of weights of 
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10 kilos at eaoh end, replaced them from the oommenoemeut of the work. The 
free-wheel is Beared io. photographs Nos. 11 and 12. It allowed of free 
movement to the wire in the line of measurement. 

71 (aj. It is great matter for regret that, on a £ual inspection of the 
Jaderin wires before handing over, it was found that No. 3 Invar was broken 
while lying coiled in the box. The three Invar wires (non-expanding), of 
which the broken wire is one, are not of continuous material throughout, but 
consist of two lengths of wire joined together. Oiiginally the wires were 
made in lengths of less than 80 feet, probahlyin lengths of 20 metres ^5'62fl.), 
and the additional portions were either welded or soldered on. The break has 
occurred at a distance of 8 ft. 9 in. (s=2'667 M.) from the end, and almost at 
the centre of a part of the wire where the silver plating of the wire has scaled 
off But as this plating has also gone from other pai'ts of No. 3, and much to 
the same extent on No. 1, the break is probably due either to specific wetness 
or to defective joining. These wires have seen a good deal of service in the 
field during the base measurements; but, in spite ^ of the greatest care, it hw 
not been possible to prevent the plating from peeling off, and the process still 
continues. That this is due to exposure to the sun and air is proved by the 
fact that No. 5 Invar, which has hardly been used at all, shows no signs of 
this defect. It is strongly recommended that the broken wire should be sent 
to Messrs. Ahlberg and Ohlsson, Instrument Fabrik, Sibyllegaten, 10, 
Stockholm, for repair, with a request that infoimation should be furnished (l) 
as to the distance from one end at which the two pieces of the wire joined, 
(2) as to the probable cause of the fracture, (3) as to the scaling off of the 
plating, its cause and remedy. From a cai'eful inspection of the broken ends 
of the wire, there is strong reason for attributing the fracture to defective 
joining if the junction was made at the distance from the end above given, or 
to de^tive material if otherwise. 

The wires are contained in a box marked “ Jaderin Apparatus Wires,” 
and the broken wire has a tag attached to it marked “ No. 3 Invar.” 

It may be of interest to Messrs Ahlberg and Ohlsson, and perhaps of 
assistance in their answering the above questions, to know that the broken 
wire has measured over 100 miles of base line. 

72. The terminals of the base lines Wei’S marked by brass blocks, set in 
concrete, in the centre of which was let a small cydinder of gold with a pinhole 
to represent the actual point. Linos are drawn through the pinhole along the 
brass surface at right angles to eaoh other, one being in the alignment of the 
basa A supplementary conical hole is drilled, centred to the line at right 
angles to the alignment, and distant from the pinhole one-third of an inch, to 
receive tihe conical end of the rod of the transferring apppatus. Pi’ecautions 
were taken that the centres of the pinhole and the conical hole were exactly 
in the line at right angles to the alignment, and that the conical point of the 
rod was free from metallic touch. 

73 A speciiil steel bar^ was ordered and received from England for 
measuring increments where the base lines were not exact multiph'es (as 
rarely happened) of 80ft. It is made of sted, with a cross section as shown in 
the sketch. To give the divided edge rigidity, stiffening 
ro^ (S) are fixed, one near eaoh end and five others at 
equal distances. It has a length of two metres, and is 
graduated on one mdined e^e, as (a) in figure, to > " — 

decimetres, with the last division in oenti. and millimetres. 

Holes are drilled in the sides, bb, to enable the bar to 1^ 
fixed to the camels of the bax apparatus. In this way it 
can be adjusted and moved as if it were one of the bars 
in position. The coincidenoes between lines on bars and^ 
transferring apparatus were made or read by a magnifying glass. The scale 
is marked “ Standard at 62'* Fah.,” and allowance is made for expansion or 
contraction in reference to this temperature. 

* This bar, designed by Mr. Simms, was not, however, used duiiog the base line measurements, 
but only in the measuremmts for the Ground Standards referred to in para. 141. 
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It would have been better if both the first and last decimetre divisions 
had been similarly divided, so that the coincidence of the reference end might 
might have been made by the observer turning the tangent screw of the 
camel for himself 

Bemarks. 74. There is no doubt that when work is first started with the Jaderm 

wires the results are disappoiating, or, in other words, that the expectation of 
accuracy is not great, tt this wiould prove to be the experience in other 
countries where the system is adopted, it is better to train the base-measuring 
party up to the point at which confidence is established before anything is 
recorded as the actual measurement Otherwise the first base ■\ 70 uld ^ways 
be less accurately measured than others to follow, besides that the principe 
is bad of considering as final that upon which experience has been gained. 
There is all the more reason for this treatment of the case, in that the cost of 
measuring the base is small compared with the accuracy which can be 
obtained. With the Jaderin wires, a fairly long line of triangulation 
can be measured directly, whereas this line was only reached in the old 
days of sted bars and short base lines by the intervention of expanding 
triangulation. 

Beflectlons. 75. The results of the base measurements are eminently satisfactoiy, 
speaking well for the wkin and ability of the o£B.cer in charge and his sub¬ 
ordinates. But there is no doubt whatever that neither skill nor ability 
would have produced the restdts were it not that ground standards were 
always laid down by means of the bar measuring apparatus which was used 
for measuring the base lines of the Cape-Natal Survey. These bars repre¬ 
sented port^le standards of length with which the wires could be compared 
systematically tua the base measurement progressed, and which gave fiill 
indication of variations of length. It would be of no use to nave the 
standards laid down at one place and coiTy on the base measurement at 
another. The “ Standard” bars should always form an integi’al part of the 
equipment. 

Equipment. 76. The transport equipment of the party was as follows :— 


For use on site of^ 
base line. 


1 ^ring Tent Wagon. 

1 Cape Cart, open. 

1 Cape Cart, with hood. 
1 Trolley. 

1 Water Cart. 

19 Mules. 

3 Horses. 


For such joiurneys as were made by road, the necessary additional transport 
was obtained locally. 

77. The total cost of measuring the base lines (excluding sales) has 
been £10,660. The numbar of lines is five, and their combined length 
694 nules, so that the cost per base has been £2,182, and the cost per 
mile of base £158 7a. Bd. The cost of reconnoitring the base line sites has 
been £2,025. 


LEVELLING FEOM MEAN SEA LEVEL. 

LeveUing intention at the initiation of the Survey to carry lines of 

pgrogramme. levelling firom mean sea level along all the lines of railway in the Transvaal 
and Orange River Colony, breaking off at suitable points to connect with the 
base lines. Louren 90 Miwques being the nearest port to the Transvaal, and 
necessitating a miuiTmiTin of work in territory not concerned with the Survey, 
was clearly the datum from which to start. The original programme of work 
was, therefore, drawn up as foUows:— 
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Section 1. 


99 

99 


2 , 

8 . 


5. 

7. 


Lourenjo Marques, through Bdfaat to Pretoria ... 
Pretoria through Qermiston to Potohefstroom 
Potchefetroom, by road through Ventersdorp and 
Lichtenburg, to Ottoshoop... 

QeimiBtaD. to Kroimstad ... ... . 

Kroonstad to Bloemfontein. 

Bloemfontein, by road, to Wep&ner . 

Pretoria to Pietersburg, and by road to Houts River 


Length in 
milefl. 

849 

184 

110 

126 

128 

75 

198 


Total 

1'he Base lines are in italics. 


1,120 


79. If time and the necessary funds had been available, the intention was Exceptions, 
to have continued the levelling along the remainder of the railway lines in the 

two Colonies. But it was very eady seen tlaat the full proOTamme had no 
chance of being completed, however advantageous such a backbone of accurate 
levelling wotild have been for many of the requirements of a comparatively 
new and developing cotmtry. 

80. The ultimate programme decided upon included only Sections 1 , 2 , Work 
and 4 above, representing 611 miles of levelhng. In coming to this decision, actually 
it was not forgotten that, as only two base lines (BeL&st and Kroonstad) were 
directly connected with the mean sea level, the heights above mean sea level 

of the others were entirely dependent on the results of the vertical angles, and 
that the probable errors of these heights compared to the radius oP the earth 
should not exceed the probable error of the measurement of the base lines; 
or, in other words and assuming that the probable error of a measurement is 
one millionth of the length, that the probable error of a vei'tical height should 
not exceed 21 feet. It is shown in the discussion of the vertical';\ngles that 
the probable error of these heights does not in any cose exceed 10 feet 
(see paragraph 81). Advantage was taken of the stations at Observatory 
Hill and Muckleneuk bdbog comparatively dose to levelling bench marks 
to connect them by levelling with the latter. 

81. Probable error of heights of base lines above mean sea level through Oompari- 
the vertical angles : 

Wepener Base, through 880 noiles of chain . 10 feet. 

Ottoshoop „ „ 520 „ . 8 „ 

Houts E. „ „ 440 „ .. 7j' „ 


A comparison between 
levelling gives: 

Bel&st Base. 

Observatory Hill 
Kroonstad Base 
Muckleneuk ... 


vertical angle heights a 

Levelling. Vert. aug. 
6899-9 6891-4 

5986-1 5930-0 

4684-4 4691-7 

4748-6 4789-8 


those obtained by 

L-V. 

+ 8-5 feet. 

•+• < 5-1 „ 

- 7-3 ., 

+ 8-8 ,, 


82. The levelling instrument, levelling staves, and the standard bar Tnafam- 
measure with which to compare the levelling staves, were all obtained from mente. 
Messrs. Ponthus and Therrode, 6 , Eue Victor-Oonsid4rant, Paris. They are 
aU fully described in a book entitled “ NiveUement de Haute Precision,” by 
Charles LaUemand, and published in Paris by Baudry & Co., 15, Bue de 
Saints-Pferes. It is not considered necessary to describe them in detail here, 
but the photographs, Noa 7, 8 , 15, and 25, are fair representations of alL 

88. The history of the work, generd description of the instruments, detail Mr. Low- 
of work in the field, method of reducing the ob^vations, etc., with a list of inger's 
the bench marks fixed, are given in Mr. Lowinger's report, which is carefully 
and concisely prepared. 

84. The bench marks have all been specially inspected by Mr. P. C. fiencb 
Morgenrood, and handed over for safe guarding to a representetive of the marks. 
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Central South African B>ailwaj8 Administration, who accompanied Mr. Morgen- 
rood and visited each one. 

Summarised, they are located as follows :— 

Louren 9 o Marques to Pretoria ... Nos. 0 to 24, and 01 to 024 


On Pretoria Govt. Buildings 
Pretoria to Germiston ... 
Genniston to Potchefstroom 
Germiston to Kroonstad 


„ 25 

„ 26 to 81 
„ 82 to 47 
„ 48 to 62 


The inspection resulted as follows :— 

A. Only four of the caps were missing, namely: one on the Delagoa Bay 

line, two on the fine to Potcheratroom, and one on the Kroonstad 
section. These have all been replaced. 

B. The following bench marks are for the moment unserviceable : — 

No. 0 (on power house at Lourenjo Maraues) is broken off close to 
the flat iron portion in the wall The bracket, with the brass 
fitting, was not to be found 

No. 36 The culvert in which this bench mark had been fixed has 
since been covered over, but it is accessible, and the Central 
South A&ican Eailways administration 'v^l see that it is 
correctly transferred to another point. 

No 57 is now buried under the Zeerust line, but this bench mark 
will be transferred as abova 

No. 55, origmally on the old “ Pretoria bridge,” Johannesburg, has 
been transferred to the lavatory wall, Park Station. The Height 
above mean sea level of the new bench mark is the saine as that 
of the old (5,700-0 ft.). 

0 . Owing to the shortening of railway lines wherever possible, the milo 
posts are altered to correspond, and this must be taken into account 
fTaen they are referred to as guides* 

D. The levellmg was started at Louxen 9 o Marques, firom the poi-t 
cap^s datum, which is 6-124 M. above mean sea levd, at a spot 
^k^ on a concrete block near the old yacht dub boat hoifso, 
Dehuia the port captain s offices, 

Par^aph 7 of Lowinger's report describes the standturdisiug 
appaiat™. i^otographs Nos, 26 and 27 show the two ends of the rod. The 
value of a division on the steel rod at the free end is obtained os follows 
Its IS such that it sh^ be equal to the relative expansion of the steel 

’^^Sergoes 1 aLlute 
*Ihemorea»»™i,ondi.,gto 

fit = O'OOOl mm. 

The relative expansion of the brass and steel is 

—a). tL, 

a. = coefficient of expansion of steel, 

^ ~ » „ brass, 

L = length of the rods (8-2 M.), 

~ the value of a division; 

L 


where 


whence 


or 


y8 10,000 


mm.. 


V = 12-6 c/mm., assuming = 0’0000115, 

= 0-0000190. 


I in para. 82. 
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The 40 didsioiiB on the scale are, therafore, 504 o/mm. in length. There 
is no vernier for reading the fractions of a division, which are estimated by the 
eye with the aid of a magnifying gloss. 

86 . Photo No. 14 is a reproduction, on a larger scale, of a table supplied TJse. 
with the instrument, which serves to give the correction to he applied for 
temperature, per mefre. In comparing the feces of the leveUing staves with 
the standard, they are separately laid on a level bench, fece upwards, and on 
them is placed the standai’dising rod with its face vertical, and the two are 
damped together by means of steel stirrup irons and wooden wedges. At the 
end of the standard, where the brass and steel rods are fixed to each other, is 

a micrometer, which actuates the movement of the two rods as a whole, and 
reads to centi-millimetres by inspection. The special microscope for reading 
the comparisons is of the “ Coud^ ” form (photo No. 28). The rays of light 
come fr‘om the object at an angle of to the vertical, and then passmg 
through the lens prism reach the eye at an angle of 45° 

87. In wiftlnrig the comparisons, readings between the brass-divided rod Oom- 
and the scale divisions on the staff were made: for Faces I, at 0, 20, and 

80 decimetres; and for Faces II, at 32, 41, and 54*5 decimetres. The record ^ 
of the observations and the resulting corrections per meti‘e would read as 
follows:— 


STAFF 4. 
Faok I. 



Difference. 

Correction. 

Sum. 


Bixa. 

imn. 

sun. 

SISL 


Zoro 2‘582 

10 dm. 2‘886 

} +0‘808 

+0-890 

4-0-693 

Ueadiiii? ol 

Zero 2‘5.i7 

20 dm. 2‘098 

j +0-441 

+0-780 

+1-221 

molallic 

ilieiiuouiutor, 





21G 

Zero 2‘584. 

80 dm. S‘008 

1 +0-424 

+ 1-170 

+ 1-504 





6) 8-608 



Oorrootion per metre 

+0-685 



Tho divisor = 1 -H 2 + 8. 


« 

Fagb IL 



Difference. 

Oorrectiom 

Sum. 


mm. 

mm. 

mzD. 

nim. 


82 div. 8-688 

41 „ 8-749 

} +0-216 

+0-090 

+0-606 

Beadine of 

82 „ 8-674 

60 „ 8-729 

1 +0-165 

+0-780 

+0-986 

metallic 

thermometer^ 





^16 

82 ,, 8 - 642 

64-5 „ 8-665 

j +0-118 

+0-975 

+1-088 





6-06) 2-629 



Correction per metre 

+0-436 



The divisor = (9 + 18 + 22-6). 


The corrections were always applied directly to the respective fece readings, 
those on Face IE being first reduced to the metrical scale by multiplying by 
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88 . There is no doubt that, for the highest accuracy in this levelling, the 
standardising apparatus should have been denoanded in duplicate from Europe, 
and that one set should have accompanied the levelling painty in tlie field for 
more frequent and systematic comparisons "with the levelling staves. With 
only one such apparatus available, it would not have been advisable to risk 
injury to it during transit along the veld, and the comparisons were aU made 
at Pretoria. 

89. The results of the comparisons of the levelling staves with the 
standard are given in paragraph 8 of Mr. Lowinger’s report. A very complete 
set of compansons were forwarded finm Europe with the levelling apparatus, 
but these could not, of course, be utilised out here. It is interesting, however, 
that the corrections per metre for the staves as found in Paiis veiy closely 
agree with the mean of the whole range of comparisons made out here. 


Paris oomparisou. 


Staves 1 and 2. 


Local comparison. 


+ 0 ' 40 | 
+ 0-431 


•mm. 


mm. 

+ O'.n 

Mean of Faces I 

+ 0*45 

+ 0-29 

» )> 

+ 0*28 


Staves 8 and 4. 


+ 0*60 

Mean of Faces I 

+ 0-51 

+ 0*36 

» » n 

+ 0-29 


} + 


0-37 


0’40 


90. There has been neither time nor ftmds for carrying out the levelling 
in any sense “ geodetioaUy," or with any greater precision than could he 
obtained by the use of the special leveUing staves and instnuuent and 
measurement in one direction only. There is, therefore, no strict method of 
aaTiving at the probable accuracy of the work. One idea of the acoxiraoy is 
given by a comparison of the results fiom Faces I and II, and this is oiubumed 
m tile mUowing table showing the general work and results of the levelling:— 



TABLE SHOWING GENEEIAL EESTJLTS OF LEVELLING. 


31 
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Ab might have been expected the later half of tho woi’lc hIiowh better 
results than the earlier. 

The quantities in columns g, h, and h liave been obtained jih follows :— 


9 = 1 V{: = 




where q = 0*6745. 
The constant in column I — - 


Transport -s 


Equipment 91. The equipineiit of tho levelling pirty wjw as follows :• • 

C1 tent wagon, from Imiho lino p»u*ty. 

1 (lane cart, o 2 )on. 

8 mules. 

,4 horses. 

("2 levelling instnnnents (one only at ai time in the 
Instruments < field. 

[4 levelling staves (two only at u time in the field). 

Oost 92. The total cost of the levelling amounted to ,£8,4*24, or ait the mtc of 

£5 12.V. Id. per mile. A. total of 87 bench inaii'ks were fl.xed, ait am aivevaage 
distance apoat of alaout 7 miles. 


DESCRIPTIVE LIST OF TUrGONOMETRKJA L POINTS. 

DesoripUvo 98. With a view to indicaito aw olt«ii*ly ais posHiblo the ^jairts of the 
beads. Transvaal and Orange River Colony in which th(» vairious ti'igonoinetrioal 
stations aire located, tlie necessary informaition is 2 >rusented in taihulau* form. 
For eawh station the information is aiTangod aw follows • 

Column 1. Name of station. 

2 . Reference uuinl)Oi' in the oonijmtation resuHs. 

3. Farm on which it is situaited. 

4. Name of owner or occui)ier. 

5. District. 

C. Nearest magisti‘aoy, post oflioe aind ta^legraqab (aftico. 

7. Remai*kB on site of station. 

^^* convenience of reference the stations are divided into grouias, as 
O'follows:— 





11^9^ 




H 



s 

111_ 


dWiimtr 

y 








— 

No. Clf 
(Jliaiti. 

No. of 
Stationa 

Qtoap I. Eimberloy to Ottoshoop 

11 

.10 

„ 11. Drleknll to Kroonnlad .. 

i:i 

8 

„ III. Newoastlo to Bolfant .. 

2 

S8 

„ IV. BdfasL to Limpopo 

M 

IG 

„ V. Belfast to Otloidioop .. 

„ VI. Pretoria to (Japo Colony, 

„ VII. Kimberley to Nowoastle 

3 

16 

4, .121(1 

87 

. 9 2c 10 

19 

„ VIIL Hopetowu to Wepouer .. 

7 

12 




iitfg The diagram in margin shows tho numbering of the 
chains. 

Records 95. The descriptive list has been compiled as care- 
of fully u possible from the reports sent in by tho recon- 
naissance, beaconing and observing officeis, which have 
been cU^iBed and docketted for record by Mr. S. B. 
Morgenrood. The olassifioation of these, as well as of all reports on the 
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roads traversed by the various parties, appears in that gentleman’s report. 

His work has been admirably done. 

96. However useful the above reports have proved, they are not of Records 
sufficient importance to include in this report; but the records will always be p'^5»d. 

available for any future reference that may be necessary. ^ 


BAB OOMPABISONS. 

97. The bar apparatus, which was Tised by the base line party for laying Bar 
down the ground standards, consisting of five 10-ft. steel bars, is the same epparatus. 
as was employed in the measurement of the base lines on the Cape-Natal 
Survey, 1883-93. The leu^hs of these bars and their coefficients of 
expansion, as determined dunng that survey, have been utilised without 
alteration in the present work. But as the comparisons with the Cape 
Standard Bar A hud been made 15 years ago, and the bars had had a ^od 

deal of knocking about since then, it was deemed advisable to repeat tnese 
comparisons, using the comparison apparatus as on the previous occasion of 1888. 

98. A wood and iron hut was erected in the yard of the Survey Office, Bar oom- 
and the comparison apparatus set up and arrangea as was done at the Cape, parisou 
Photograph No. 21 shows the apparatus in position in the hut. The first set “W*™ 
of comparisons was made durmg September and October, 1905, and the 
second set in July and August, 1906. A full discussion, and the results, of 

these comparisons appears m Mr. Bobinson’s report. The results of the 1906 
comparisons, made under more favourable conditions than those of 1905, show 
that there has been no appreciable change either in the lengths of the bars or in 
their coefficients of expansion. The comparisons of 1905 were made ^ Messrs. 

Bobioson and Cochrane; those of 1906 by the Superintendent and Mr. Bobinson. 

99. A very serious defect was discovered during the bar comparisons. Defect in 
It was found that the fine terminal lines drawn on the piece of gdd let into 

the standard bar could not be brought into parallelism with the lines on the 
compai'ed bars, necessitating that the observations of the lines on the 
standard should always be made in the neutral axis marked by the original 
dots in the gold, or in other words, that whereas the lines on the five compared 
bars were aS parallel to one another, as each was brought under the termmal 
micrometers, the lines on the standard, when sunilarty treated, were 
permanently out of parallel, and there was no means of adjusting this. 

There is no doubt that the lines on either the standard bar or the compared 
bars are not at right angles to the neutral axis, and the extent of this want 
of parallelism is the equivalent of nearly two inches in ten feet. This 
divergence is altogether beyond the field of view of the micrometers, so that 
no mechanical arrangement could rectify it. 

The steps taken to test this want of parallelism ore fuUy described in 
Mr. Bobinson’s Beport. But there are no satisfactory means or determining 
which of the bars nave this defect, except that it was found that, when the 
micrometers were adjusted in the first instance in accordance with the method 
indicated m the report on the Cape-Natal Suivey, 1888-98, the lines on the 
compared bars were parallel to the movable wires in the micrometers, whereas 
this was not the case with the lines on the standard bar; showing that the 
latter is probably defective. 


ASTBONOMICAL OBSEBVATIONS. 


100. Kie astronomical observations have been limited to the deteimma- Aatronomi- 
tion of latitude and azimuth. Observations for azimuth were limited to base cal stations. 
linfiH, at one or other terminal, and junctions of triangulation ohains. They Azimuth, 
are as follows:— 


Base lines K 


Houts Biver, 
. D. Ottoshoop, 
B. Belfast, 

D. Wepener 


South terminal 
North 
South 
North 


0 
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Juuctions of 
chaisB 


''D. Observatory HDl, Johaimesburff. 
Driekuil. 

< D. Bosobraiid (also near Krooiistad bivHo) 
Orange Biver Station ((Jape Oolouy). 
.D. Oweoweni. 


In other 101. In addition to the foregoing, there ore available the roHiillH of 

colonies. observations previously made during the Cape-Natal Siuvoy at— 

Newcastle (Natal). 

Zwaatkop „ 

Umtata (Cape Colony). 

Kimberley „ 

Berlin „ 


Latitude 102. All the foregoing are also latitude stations, but tut olworvatioiis Ibr 

stations. latitude are much simpler and of more importance tlian tliowi for Ji/.iiuutli, 
they were taken at 26 additional points in the Transvaal and Orange lUvor 
Colony, making a total of 35 in the new Colonies. The 26 points are given 
below:— 


Xejuma. 

Blaauwberg. 

Loskop. 

Houts Kivei’, N. end. 
Sobnellskop. 

D. Belfast, N. end. 

D. Mare’s Kop. 

D. Lai^ekloof. 

Meintjes Kop. 
Muokleneuk. 

D. Gtemsbokbei'g. 

D. Inkwelo. 

D. Kaalkop. 


D. Viorfontoiu. 

I). Hermitage. 
Zoetvlei. 
Brannzijukop. 
Salt Lake. 
Therou’s Kop. 
Sclioongesioht. 

D. Woponev, S. end. 
1). Aasvogolberg. 


B. LubisL 


B. Helvellyn. 
B. Beudeorg. 
B. Xuka. 


Heridiau 

mark. 




AZIMtn’H OBSERVATIONS. 

tewSi. and lower^Sminat^M w>wbination of the upper 

the \ staiA t^ud the obsemitions taken with 

“■ «» .n. „„ . 

aperture in an iron plate attache! 

form^f Tiilitt • gromd. The most convenient 
tom of pillar is a wooden box five feet long and one 

^beS and^fifr ^tbfeefeet h 

me ground, and filled with earth well rammArl 
apangement is shown in the sketlb ^ i 

the ^ Oheemtioee determiaed 

south point mark with reference to the 

hy herLntal angle ^SeZS^^t.'“ *> 


Azimuth of 
mark. 


I 

I 


mwr 


the station, was referred 


35 


106. The record of the astronomical observations was made in a field 
book, as shown bdow:— 


OiaoLB Wbst. 


Star 180d. 

Star 462 (S.P.) 

Micro¬ 

meter 

on 

Mark. 

Level. 

Micro¬ 

meter. 

Transits. 

Micro¬ 

meter. 

Transits. 

Level, 

Micro¬ 

meter 

on 

Mark. 

w. 

K 

W. 

K 

rey. 

dir. 

dir. 

ror. 

li. m. B. 

TOT. 

h. m. ■. 

dir. 

dir. 

rer. 

6-068 

60-6 

17-4 

6-890 

15 22 48'2 

8-810 

16 81 19-8 

10-5 

48-6 

6-064 

•061 

U-1 

47-2 

•579 

69-0 

•884 

84-1 

61-0 

17-9 

•076 

•069 



•806 

28 11-8 

•020 

48-6 



•080, 

•065 



•999 

24-7 

7-878 

82 4-0 



•066 

•074 



7-878 

46'8 

6-979 

16-4 



•068 




•609 

24 O'O 

•540 

29-8 




Beadinif of the 

•821 

12-6 

•146 

41-2 

Value of JSovolution 

Oollimation ceutre. 

8-049 

26-0 

6-480 

88 1-8 

of Micrometer 


6-182 


•246 

87-2 

•146 

J2-8 


90"-22 





'481 

48-2 

4-784 

22-6 





107. The above observations were reduced as follows!— 


0 2 


IHeld book 

TQOOTd. 


SeduotloDt 
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o 

.a 

I 

•s 

I 

<5 
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Id CoL 1 are entered the suocessiye readings of the movable or fixed 
wes. 

„ 2 the diSerenoea between each of the above and the reading of 

the ooUimation centre. 

„ 8 the logarithms of these differences. 

„ 4 the logarithms added to the log. given at top of ooL 8 of 

the cmlimation factor of the star multiplied bj value of 
micrometer revolution. 

„ 5 the values in time to he applied to corresponding times of 

transit. 

„ 6 the transit times on coUimation centre. 

It is to be noted that:— 

A. All transits are reduced to the coU. centre. 

B. The means of cols. 1 and 2 should add together, algebraically, to 

the reading of the coU. centre, as a check. 

0. In col. 5 the correction applied to the mean of the recorded 
transits should agree with the mean of the reduced transits in 
col. 6. 

D. The sign of the azimuth of the instrument is always obtained by 
first taking a — t for both stars, and L — U^ L being the lower, 
and U the upper culmination sW. 

B. The sign of the correction to the instrumental azimuth to obtain 
azimuth of mark is— 

Oiiole West. Oirole Bast. 

Meridian Mark to South . M — 0 . C — M 

„ „ North . C — M . M—C 

where 

M represents the reading of Mark, 

0 „ „ OolL centre. 

108. The results of the observations for azimuth are given in Table T for 
each of the nine stations separately, under headings:— 

Bight ascensions of stars. 

Transits. 

Headings of mark and level. 

Besulting azimuths of mark. 

The readings of the mark axe in revolutions of the micrometer. Those of the 
level are in divisions of the level for Belfast, Ottoshoop, Observatory Hill, 
Driekuil, Bosohrond, and Orange Biver; in seconds of arc for Houts Biver, 
Wepener, and Cweoweni. This is due to the difference of method adopted by 
the two observers in taking the readings. For the fibrat mentioned set of 
points, the level was read just before the transit of the first of a pair of stars 
and reversed, and again read after the transit. For the remainder a full 
reading was taken before transit of the first of a pair, and after the transit of 
the second. H any change occurred between the two readings, the values at 
the star transits were interpolated. 

109. Another important difference of method between the two observers 
was that, for the first-mentioned stations, the face of the instrument was 
systematic^y changed to allow of a combination between .the ‘results, oirole 
west and circle east, as an integral observation. For the others, as it wifi, be 
noticed, observations were -taken continuously on one face and then con¬ 
tinuously on the other. 

110. It is to be observed that the form in which the observations at each 
station are presented (see table T) permit of their redaction at any future time. 
There was neither time nor computers available for two independent reductions 
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Final 

azimuth 

results. 


Methods of 
ohserving. 


Bedaotion 
of ohserya- 
tiona. 
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Observiers’ 
share of 
trorlc. 


Ohroiudogy 
of asteo- 
nomical 
pw-fy. 


to be made as a check upon each other, as has been done in the case of all 
other finn-l results of the survey. But every possible check that a siiiglo 
computer could bring to bear on the work has been applied throughout, and 
no Serioal or other errors could have occurred that would appi'eciably affect 
the results. 

111. -The astronomical observations were made by three observers, namely: 
Captain Gordon, llldr. Simms, and the Superintendent, as shown below 


Capt. Gordon 


Latitude stations. 

'Meintieskop. 
Mucldeneuk 
Gemsbokberg. 
Inkwelo, 

Kaalkop. 
Vierfontein. 
Hermitage. 
Zoetvlei. 
Braumdinkop. 

Salt Lake. 
Theron’s Kop. 
^Schoongezdoht. 
fLejuma. 

' Blwuwberg. 
Loskop. 

Houts E., N. end. 
SchneUskop. 

I Houts E., E end. 

Mr. Simm J N. aacl 

' Wepener, S. end. 
Aasvogelberg. 
Helv^yn. 
Bend^g. 

Xuka. 

Lubisi. 

I Owecweni. 

f Belfast, N. end. 

] Maieskop. 
Langekloof. 
Ott^hoop. 
Belfast, S. end. 
Observatory FTill , 
Driekuil. 
Boschrand. 


xufuuuuii aunu&ujjifai 


Superintendent 


nil. 


Houts E., 8. ond. 
Wepener, N. eiirl 
Owecwcmi. 


Ottoshoop, N. end. 
Belfest, S. end 
ObservatoiT Hill, 
Driekuil. 
Boschrand 
Orange Eiver. 


t Orange Eiver. 

112 . IheSupermtendent’s party observed between- 


1904. 

January 24th and April 12 th at i 


April 18th and July 8th at 


1905, 


Belfast, S. end. 
Belfest, N. „ 


Langekloof 
Observatory HilL 
h Ottoshoop. 
f Boschrand. 


jjujacnrana. 

August 15th and October 28th at i Eiver. 

TTrr. • J • , LDriekuil 

another. ^ occupied in movements from one station to 
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118. The.paxty was equipped as follows :— 

'' 1 Buggy (to carry theodolite and chronometers). 
1 Cape ca^j with hood. 

Traosport < 2 Gape carts, open. 

16 Mules. 

1 3 Horses. 


Instruments 


1 Bepsold theodolite and stand. 

1 Portable observing hut. 

2 Chi’onometers. 

2 S-inch Heliographs. 

1 Telescope and stand. 


Equipment. 


LATITUDE OBSEBYATIONS. 


114. The Latitude observations were all taken with the Bepsold Latitude, 
theodolite used as a zenith telescope (Talcott’s method). A very full account 

of the method is given in Chauvenet’s “ Spherical and Practical Astronomy,” 

Voi. n, chap. im. 

115. Table Tl gives the results of the observations of 85 stations, stations and 

distributed as follows:— distribution. 


Transvaal ... 

Orange Biver Colony 
Natal 

Cape Colony 


15 

12 

2 

6 


The two stations in Natal are at the junctions of chains in the neighbour¬ 
hood of Newcastle. Of the six stations in Cape Colony, two are at the 
junctions of chains, and four are stations in the meridional chain between 
Pretoria and Gala. 

116. In addition to the above, there are available for the genei-al reduc- Stutionain 
tion those made on the previous Survey of the Cape Colony and Natal at 


Newcastle, Natal. 
Zwartkop, Natal. 
Kimberley, Cape Colony. 
Umtata, Cape Colony. 


Il7. Definitive star places have been obtained for 20 out of the 35 Starplaccn. 
stations, and the results at these 20 stations may be considered as final. They 
are marked D in paragraphs 100 and 102. ' ^ 

For the remainder tne places depend on the following catalogues, in which 
most of them are found, with their reference letters:— 


Cape Catalogue, 1880 ... 

Badcliffe Catalogue, 1890 . 

Cape Catalogue, 1890 ... ... ... . 

Greenwich Catalogue, 1890 

Newcomb’s Fundamental Catalogue . 

List of stars specially observed at the Cape Observatory 

Cape General Catalogue, 1900 .. 

Cape Astrographic Catalogue, 1900 ..' 


S 

B 

0 

G 

N 

@ 

CGC 

‘A 


The several catalogues in which a star appears have been noted by these 
letters placed against them. It is to be noted, however, that catalogues CGC 
and A were only received after the whole work of reduction had been 
completed, and too late, therefore, for the places of the stars appearing in 
them to be utilised. But it is the intention to utilise them, as well as those 
of a large number remaining to be specially observed at the Cape, when the 
latter are supplied. 

(14181) C 4 






40 


Spedal 118, The general results of the observations are given in the first table, 

remarks oa which speaks for itself, hut a note is necessary as regards the column headed 

latitndB ^7^7 • • i 

tabla —*fSs— . -■ One of the conditions necessary to be considered in tho 

number or pairs’ 

selection of pairs of stars for a station is that “ the croater zenith distance 
should be as often that of the northern as that of the southern star, as an 
error in the value of the micrometer screw will thereby be rendered less 
sensible. In general, for any number of pairs the effect of such an error upon 
the fin al result will be ^e more nearly insensible the more nearly we approach 
the condition tZu—tZ, = 0,” where SZ„is the sum of the greater northern 
distances, and SZ, is the sum of the greater southern distances. The column 
above referred to serves to show how nearly this condition was fulfilled at 
each station, as well as the extent to which the resulting latitude would be 
affected by an error in the adopted value of the micrometer screw. For 
instance, at Aasvogelberg, where the quantity is large, an error in the 
revolution of micrometer of a thousand'^ part would mter the latitude by 

OoriectionB. US- lii the tables of individual results at a station, the column headed 
Sum of Corrections” includes the corrections for 


Oom- 

parisoos. 


The apparent place of the stars. 

Micrometer, 

Level, 

Be&action. 

Beduction to Meridian, 

Variation of gravity, 

which are proper to the date of observation, the instrument, and locality. 
Assuming that these corrections are exactly determined and applied, the 
exactness of the resulting latitude is dependent on the mean places of the stars 
and the extent to which the plumbline deviates from the true normal to the 
surface at a station. 

120. There is no question that the latitude is better deteimined at 
the 20 stations referred to in paragraph 117. A comparison between these 

results and those for the remainder show that for the— 

« 

P f the p.e. of a single declination is 0"’40, 

\the p.e. of the resulting latitude is 0”'13, 

and for the 

lat+fiT f P’®’ ^ single declination is 0"*62, 

\ the p.e. of the resulting latitude is 0"’1(). 


The mean p.e. of the result from a single pair of stars throughout tlio 
observations is 0"’S3. 

’'^ohld ^pear fix)m the results A-G, given in the Table, that the 
latitude initial latitude (Buffelsfontein, Cape Colony) for the geodetic compiitatioiis is 
numerically too large by nearly 3". There also appear to be pronounced 
abnormal deviations of the plumbline in the neighbourhood of Newcastle in 
Natd, Cala in Cape Colony, Johannesburg, and the Northern Transvaal. 
Excluding the stations in these parts, the mean A-G for the remainder is 
— 2 " * 91 . 


IllamUui- 
tion of 
field. 


Footplates. 


122. When observing astronomically, the field of view of the instrument 
mumina^ by means of bull’s-eye lanterns resting on wooden suppoi*ts 
attached to the sides of the hut, east and west, thereby replacing the small 
axis lamps supplied with the instrument. In this way the illumination was 
constant and steady, and the heating of the bearings of the theodolite was 
oD-mted. Ihe axie-l^p, being close to the instrument, never behaved satis- 

rtf *^® 6^®*® blowing in at the opening in the roof, 

^ Q flickered a good deal, and was very often blown out, 

•u brass footplates were always steadied on a concrete 

p r by bedding lightly on a thm slab of neat cement, and it is suggested 
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that they should be similarly treated whea resting on the portable wooden 
stand at points where concrete pillars are not erected. 

124. la observing with so perfect an instrument as the Bepscdd 
theodolite, it is essen^ to ensure the stability of the base on which it rests, 
The best work has been done when it rested on a pillar of concrete buHt up on 
a foundation of bed rock. Confidence in the results of the observations is 
weakened when the instrument is directly borne on a wooden stand, however 
well seasoned the wood may be, which is liable to creeping movements due to 
changes of temperature and moisture. It is absolutmy necessary to test by 
the body weight whether the ground is firm or not, and this is best shown by 
the level of the instrument when mounted. 


SIGNALLING INSTBUCTIONS. 

125. With a view to ensure some uniformity in the use of the heliograph, iMtrao- 
the general description and the method of setting up^ of which is detailed 
in the report on the Cape-Natal Survey, the fdlowing instructions were 
issued:— 

A. On arriving at a station, the signaller should first make sure of the 

verticality of the beacon pole, re-adjusting the wire guys and stone 
pile, if necessary. 

B. The heHo is then to be placed in such a position that the mirror 

which transmits the light to the observing station is in the exact 
alignment between the beacon pole and the observer. 

a The approximate compass bearings of the distant points as well as of 
other points visible are given in the description of the trigono¬ 
metrical stations made by the reconnaissance and beaconing parties. 

D. The light should be shown to the observing station both morning and 

evening finm sunrise onwards till the call “ C W N " is received, and 
from a pre-arranged time in the afternoon till sunset. At those times 
the light should be turned on without waiting for any preHminary 
call firom the observing station. 

E. On the completion of the observations at the distant point, the word 

“ finished " will be sent to the signaller. On the receipt of this word 
the signaller is to make the next move assigned to him in the 
“ General Scheme of movements.” .He must, on no account, abandon 
his station until this word, at least, is received. 

E. The signaller should be in constant attendance on the heliograph and 
maintain the light in proper adjustment. If a steady light is shown 
at the distant station, it indicates that the signaller’s light is not 
good. The observer will drop his light directly he is satisfied with 
■ tlie light he sees. 

0. The signaller should use every endeavour to make the beacon and its 
discs clearly visible to the observer by removing obstacles such as 
bush, long grass, or stones both before and behind the beacon, in the 
latter case that the beacon may be projected on the sky where 
possible. In cloudy weather he should be careful to remove his 
helio and stand dear of the beacon. 

H. In order to test the accuracy with which the l^ht is directed to the 
distant point, as well as make sure that, during signalling, the 
flashes are received with dearness, fi:equent practice should be made 
of directing the light on some convenient mark near at hand, so that 
the whole spread of light may be seen. This should fall cen^ally on 
. the mark both when the light is at rest it would be when showing 
light for observing) and also while signulling. 
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Instano 

tions. 


Flexible 
wire rope. 


Instnictiona 

detailed. 


j. In sending messages, the dot should be made as short as possible 
consistent with complete exposxire and obsouration of the 
The dtwh should be at least three times the len^h of the dot. Tlio 
intervals between elements of a letter should be equal to one dot; 
those between the letters in a word equal to one dash. 

K. The CT gnftTler should be careful to remember, in aligning the light, that 

that mirror ^ould be placed in the tdignment whi^ transmitfi the 
Kght to the observing station. With the sun between the station 
and the distant point, this is the “direct” mirror; with the sun 
b^ind the signaller, the “ duplex ” mirror. 

L. To fecilitate the sending and receiving of messages, a number of 

abbreviations have been drawn up for use, such as the following - 


G .. 

.. Go on. 

MQ .. 

,. Wait. 

SL ,. 

.. Show light. 

LB .. 

.. Light bad. 

LOA .. 

., Is your light correctly aligned ? 

TMW .. 

.. To-moripw. 

TOY .. 

,. Yesterday. 

BON .. 

., Beacon. 

NN .. 

.. That is all, no more. 

OWN .. 

.. Cease work till -. 

Ac., &c. 


cahe of camp equipment. 

126. Camp e()^uipment is subject to considerable wear and tear in tho 
field, and its service^le period greatly depends on the care with which it is 
ideated, bostructions were therwore issued to all parties, as given below, for 
its proper handling in the field. 

127. One novel feature was adopted with regard to tents supplied for uso. 
Usually aU the guy and tent ropes are of hemp, and contract and expand with 
the wet and dry experienced in the field, necessitating constant attention to 
keep them at the requisite degree of tautness. In order to minimiso tins 
labop, the hemp ropes were entirely replaced by ropes of flexible wire, tlnw 
leaving the canvas only of the tent to contract and expand with changes in 
the weather. The change proved of great advantage both in this respect us 
well as in the greater endurance and strength of the wire. 

128. Instructions. 

A. The tents supplied to all the mobile parties in the field are double and 

single patrol tents; double for Europeans, single for natives. Tlie 
^gle jpatrol is really the inner portion of the double patrol. Tlie 
l^e hne party is provided with double and single bdl tents iu a 
sunuar way. 

B. All tente are liable to decay from bemg wet and dry; but the effect of 

this change, from one condition to another, is TnmiTniHfld by taking 
CMe that they are never packed up wet for travelling, and that 
^tention js paid to tightening them, when standing, as they pass 
from wet to dry, and dackening them from dry to wet. This atten¬ 
tion IS as neiMssaiy in heavy dews as when rain is falling. A simple 
way ot providmg for this is to support the poles on pieces of wood, or 
ev^ stones, which can be removed as the canvas contracts, and 

replaced as the tent dries. 
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0. All ibeats are supplied with iron tent pegs, and to each camp or party 
hand hammers are issued for driving them. Every care should be 
taken that they are not lost; their number should be counted at 
each move, and they should always be carried, on trek, in boxes pro¬ 
vided for the purpose. 

D, The coohmg utensils should be used with care, and packed away in the 
boxes provided for their transport on trek. 

B. Similar care should be taken of the candle lanterns. No naked liglxts 
are permitted, under any circumstances, in the tents. The natives 
are not to have lights in their tents, naked or otherwise. 

S'. 'should always be pitched on high ground, and never near the 

banks of rivers or any standing water. It is as well to keep away 
from neax proximity to dense bush. This applies with particular 
force dming the summer months ^October to May), when malaria and 
horse sickness prevail, especially m the bushveld and low country of 
the Transvaal. 

o. Great care should be exercised during the grass firing season (April to 
September) to protect the camp. It is always desirable, when the 
grass is dsj, to bum a ring roxmd it, about 80 yards broad, taking 
care, however, that it is always done by the natives under proper 
supervision, so that the general veld is not set frre to. 

H. The Ordmanoe, under which survey parties have right of access to 
lands, is attached. 


TRAIISPOET ANIMALS AND VEHICLES. 

129. The nature of the transport supplied to the various parties in the 
field has been detailed in the references made to them in another part of the 
report. The equipment in vehicles followed generally on the lines of that 
which was used on the Cape-Natal Survey, the two pmcipal items being the 
two-wheeled Cape cart with hood, and the so-called Scotch cart on sprmgs. 
A special tent-wagon was provided for transporting the bar apparatus for road 
travelling, and, on completion of the base lines, it passed on to the levelling 
party. 

180. The mules were nearly all purchased from the Bepatriation Depart¬ 
ment, wb'ch very kindly paiuded aU the mules they had for sale in the camp, 
from which the numbers required from time to time were selected, at a cost of 
^30 each. This would appear to be a high figure, but it is thought that, 
having regard to possibilities in any other market, and that seieotion was 
always made from COO to 700 animals, the price was not altogether unreason¬ 
able. A total of 183 mules was purchased n-om the department. 

131. The horses, 29 in number, were also purchased from the same 
department, at prices varying from ^620 to £80. Iney, unfortunately, proved 
to be much more susceptible to horse sickness, especially the Eussian ponies. 

132. The following table shows the allocation of transport ft.TiiTnfl.lH to the 
various parties, as well as the purchases, deaths, and final disposal on com¬ 
pletion of the field work;— 


JSquipiuent. 


Itfnlea 


HoTBea. 


Distribu- 
tiou and 
casualties. 
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Name of party. 


Field 

strength. 

Actual 
^ohases 
debited to 
eaoh. 

Died. 

Sold. 

Base Line . 


Honei. 

8 

Males. 

18 

Horses. 

2 

Moles. 

18 

Hbnea. IChIbb. 
- 8 

Horses. 

2 

Holes. 

10 

No. 1.—Observing part:7 


4 

42 

6 

86 

2 

6 

8 

81 

2 }, 91 • • • • 


2 

86 

1 

18 

— 

8 

1 

16 

Supermtendent (1) 


8 

12 

8 

7 

— 

— 

8 

7 

.. (2) .. 


8 

18 

1 

9 

1 

1 

_ 

8 

No. 1.—^Beoonnaissaxice 


8 

10 

8 

8 

— 

2 

8 

6 

„ 2 ,, .. .. 


8 

10 

4 

10 

2 

1 

2 

9 

,, 8 ,2 •• .. 


8 

10 

8 

12 

— 

1 

8 

9 

„ 1. — ^Beaoonmg 


1 

6 

2 

6 

1 

8 

1 

8 

„ 3 


1 

6 

_ 

6 


9 

— 

6 

8 


1 

6 

— 

6 

— 

— 

— 

6 

..4 ,1 • * .. 


1 

8 

— 




— 

— 

Beconuaissauce aud observations sub- 
sidiary . 

8 

16 







Beaconing, sabsidiary .. 

. * 

2 

16 


— 

— 

2 

— 

— 

LeveUing. 

• « 

4 

8 

8 

6 

2 

1 

1 

6 

Bead-qaarter Office 

• • 

— 

2 

2 

8 

2 

1 

— 

2 

Totals ., 

» • 

87 

219 

29 

UO 

10 

28 

19 

117 


The Hist two oolumos show the total requirements if all the parties had been at work 
simultaneously. 

It will be noticed that of the horses 88 per cent, died, of the mules only half that 
percentage. 

Of the animals sold, 12 horses and 108 mules were purchased by the Public Works 
Department 


Cost of 
animals. 


Instruc- 

tlODB. 


133. The total cost of the animals has been;— 


Mules . 

Horses . 

£4,1271 
782 J 

£4,859 

Their sale has realised— 
Mules 

£1,9871 

2,184 

Horses . 

247 J 

Actual cost to the survey ... 

• • • 

£2,675 

Cost of dead— 



Mules . 

£687 


Horses . 

244 



£981 

184. The instructions issued with regard to the transport .were as 
follows:— 

Introditction .—It is important ■ to remember that the process of the 
survey depends to a large extent on the proper care of the horses 
and mules, so that they are kept in a fit condition for work. 

A. Bation .—^Dxming the summer months, while the grass is good, the 
daily ration should be— 

6 lbs. crushed mealies. 4 lbs. oat hay. 
or, if oat hay cannot be obtained, 7 lbs. crushed mealies, with 
sufilicient chaju to prevent the animaJs from bolting the food. 

The first feed to be given as soon as there is any light in the 
morning, half the above, and the remainder for the everung meal, 
so soon as the animals have been watered and picketted down for 
the night. 

Throughout the day, when not on the move, they should he 
idlowed to graze, knee-baltered or otherwise as considered safe, 
and under proper charge of one or more natives. 
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In the 'wii^ter, when the CTaes is poor, or burnt off, the daily 
ration will be increased to 8 dbs. meaJies, and other items corre¬ 
spondingly. 

New mealies should be avoided, if possible; they are liable to 
cause diarrhoea. Oat hay should always be given afber the mealies. 

B. Wc^rins .—Animalfl should be watered three times a day, and always 
hefore ^ding. Any inordinate desire for drmhing should be checked. 
If, as might nappen in the early morning, they cannot be watered 
before the meal, it should be postponed to not less than two hours 
after, especially after a feed of mealies. Whole mealies should 
previousfy be softened in water. No horse or mule is to have a full 
j^ink unless he is quite cool. 

0. Oroommg. —^Both horse and mule require thorough grooming at least 
once a day, and this should be done in the evenmg, to make the 
animal comfortable for the night. The heels should never be washed 
to dean them; mud, or moiirt dust, should be allowed to dry, and 
then brushed off It is well, afber a dusty trek, to sponge out the 
eyes and nostrils. The saddle should never be taken off without at 
once wiping over and drying the back. This is especially necessary 
when the animal does not ^ve its roll on the ground when taken 
out from the cart or from under the saddle. 

D. OlotUng. —The clothing should always be put on at night, whatever 
the weather, and taken off just before trekkiug, or when the sim has 
risen, while stationary. During rain, it should always be kept on in 
stationaiy camp, and always thoroughly dried before padking for 
trekking, or at the first halt, if possimer 

B. PicketU'ng. —The fl.nimalH are pioketted by attaching their reims to 
head collar or neck band, to lengths of picketting rope which are 
attached to special ringed iron pegs, driyen into the ground by sledge 
hammers provided for the purpose. The reim should have a proper 
length, not so long that the animal can get his hind leg caught 
between it and the picketting rope, nor so short os to prevent his 
rolling on the ground and getting up afber. The proper length is 
got by letting the animal hold his head naturally over the picketting 
rope and tying the reim to that length. It is very desirable that this 
fastening snould be undone easily m case of accident or fright and 
pulling back. 

B. Snee^Jidltermg .—Great care should be taken in knee-haltering, and 
while animals are knee-haltered they should be driven slowly to 
' stables and always approached gently. 

Q-. Ha/mess, saddlery, do. —Saddles, bridles, harness, and all leather 
esqtosed to alternations of dry and wet weather, and generally, should 
be carefully cleaned and kept properly pliant and in good condition 
by sofb soap, castor oil, and dubbing as required. 

H. The Carts should be cleaned after the day’s trek and the axles well 



HEALTH OF PERSONNEL AND ANIMALS. 

185. It was deemed advisable to instruct those in responsible charge of 
parties in the held on the diseases to which men and animals are liable, and to 
state the remedies that should be applied. The two chief diseases with which 
they might come into contact were considered to be malaria for the men and 
horse sickness for the animals. In order to minimise, however, the risk of 
either, the programme of work was drawn up so that the parties should not be 
at work in makrious and horse sickness districts during the summer months. 


Health of 
men and 
animala 
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Medical 

inatruotions. 


(cfc) MmnioAii iNBrairoTioiirs. 

A. Bathing .— ^It is not generally safe to take cold batlis in these sub- 

tropi^ r^ons unJbss nnder medical advice. Those who do so 
ad Libitum inn certain risks unless they are in perfect bealtb. It is 
better to have the water at least so warm as not to give any unpleasant 
shock on sponging. Warm baths, only, should be taken by those 
who have suffer^ from attacks of fever, diarrhoea, dysentery, or 
from any disease of the liver or other important viscera. Bathing 
should never be resorted to during the penod of digestion, i.e. 3 to 
4 hours after meals. 

B. Chth ^,— ear warm clothing at night next the skin. Flannel or its 

equivment should also be worn next the skin during the day. Two 
or more woollen shirts are more efficient for giving warmth than a 
single coarse one. At night sleeping socks should also be worn. 

0. General .—Never begin work on an empty stomaoh. Avoid the direct 
rays of the sim in summer as much as possible, and never leave 
shelter while the sim is shining without a head covering. 

Never neglect alight attacks of fever or diarrhoea. Avoid aU 
ohiUs, draughts, and wetting as much as possible, and also heavy 
meals draing the heat of the day. 

D. Goohing. —^All meat and vegetables should be well cooked. Imperfectly 
cooked meat renders you liable to tape-worm and other entozoa. 

js. Thirst .—Very cold water, or any other water drunk in large quantities 
is injurious. Your thirst can be satisfied as well by drinking slowly 
and m small quantities as by drinking quickly and taking large 
quantities. It is advisable always, to drmk no water but that which 
has been boiled, better in the shape of tea or coffee, unless the source 
is above suspicion, which it probably rarely is in any country except 
in towns which are provided with a reguW supply of water. 

B. Milk .—^AU milk should be boiled and then kept in a bottle thoroughly 
deoned out with boiling water and stoppered by a cork, also boUed. 

Condensed milk should always be mixed with boiling water, 
and not put into either tea or coffee directly. But both tea and 
coffee, cold and weak, without milk, are least injurious of aU drinks, 
provided the system gets sufficient exercise. 

a. Native d/rvnks. —Avoid all native drinks, of whatsoever kind, as they 
win probably have been made or diluted with dirty water, or prepared 
in imolean vessels. 

H. Masqat owrtams .—Some form of mosquito curtain, made to suit the 

conditions of the tent, should always be used. They serve to 
keep off the files in the daytime, and mosquitoes at night. It is the 
bite of the latter which gives rise to malaria and similar 
fevers. 

I. ' The following ore the common ailments likely to be met with in the 

field:— 

1. Diarrhoea, or looseness of the bowels, usually due to the presence 
of some imtant in the bowels, such as bad or uncooked food, 
unripe fruit, etc. If not excessive, however, it may really be 
benmcial and will wear itself out. But if excessive and lasting 
some days, it requires medical attention. Kern on light diet 
and start treatment by taking one oimce of Uaslor OH, to be 
followed after a short mtervsd by one grain of Ojwum. H the 
di^hoea con'^ues, take Gfdorod/yne, 20 Tni-niTnH (drops), and 
Tincture of Ginger, 10 minims, in an ounce of water three times 
a day. If diarrhoea is persisi^t, the nearest medical advice 
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should be obtained. But you should try the diarrhoea mixture 
made up as follows;— 

Sodae Bicarb., 60 grs.; Liq. Bismuthi, 1 oz.; Liq. Morph. 
Hydro-Ohlor., 60 nunitns; Tiaot. Chloroform Co., 120 
mmims ; Aquae Ciitamin, ad. 6 oz. One table-spoonhd afber 
each meal 

2. Dysentery is distinguished from diarrhoea by bloody stools, and 
the frequency of Sills, passage of mucus, or blood and mucus, 
etc., and pain and strainiug at each motion. 

The nest thing to do is to go to bed and take 15 grains of 
every three hours until the blood ceases, then take 10 
grams every four hours till the other symptoms disappear, 
l^eep on a milk diet if possible, exercming the precautions as to 
the forms of milk and as to water already given, and wear flannel 
over the abdomen. If no sulphur at hand, take two tea-spoonfuls 
of B^som Salts in a cupful of water every thi*ee hours till the 
symptoms abate. In severe cases amenable to neither treat¬ 
ment, you should send for nearest medical advice. 

8. Typhoid Feoer ia indicated if there is continuous fever for three 
or four days, accompanied by severe headache, diarrhoea, or con¬ 
stipation, both pronounced. Go to bed, take a dose of one 
ounce of Castor Oil and five grains of Quinine doily. But 
always send for a doctor, or go to the nearest hospital No 
food but milk, and absolute quiet in bed. 

Associated with this disease is the appearance of a rose- 
coloured rash on chest and abdomen, disappeaiing on pressure— 
but it does not always occur; probably in about 10 per cent, 
of oases there is no rash The rash is not easily recomiised 
unless it has been pointed out, but it should always be looked 
for in suspicious oases. 

4. Malaria is characterised by a cold stage (shivering), a sweating 

stage, and a hot stage. Directly you feel these symptoms 
commencing, take an aperient of four grains of Calomel. Then 
wait for the sweating stage, and take a dose of 15 grains of 
Quinine, followed by 10 grains three times a day for four days. 
After ceasing the quinine, take a tabloid of Iron and Arseme 
for two or three weeks, TnissiTig one day a week, on which take 
a dose of Epsom Salts, two tea-spoonnils in a oupM of water 
in the morning before breaJdast, and three f\-grain Quinine 
tabloids during the day. 

5. Coryza, or cold in the head, can usually be out short by retiring 

to bed early, taking 10-grain dose of Dover's Powder, and 
covering yourself with as many additional bedclothes as can be 
home. The peispiring effect may be increased by taking hot 
lemonade, hot tea, or even hot water. Special core must be 
taken to avoid chill on the following morning. 

6. Prickly HecU is caused by free sweating, and is accompanied by 

intense heat and itching. 

Avoid copious consumption of fluids, moderate your ex¬ 
ercise or keep it under proper control,, and avoid anything 
which leads to profuse perspiration. At the beginning of an 
attack, take a good sahne purge. Then take Ei-carbonate 
of Soda three times a day in 10-grain dosea To relieve the 
itching, carefully dry the skin and dust it well over the itching 
p^s with a powder made up of equal pa^ts of Boric Add, 
Zinc Oxide, and Slcnroh, or apply a Caroolio Add Lotion, a 
table-spoonful of Carbolic A<nd to a quart bottle of waW. 
Wear thin flannel 
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7. Ta/p&worm is the direct consequence of eating imperfectly 
cooked meat. The worms measure many feet in length, 
made up in segments which are oast off in the bowel and thrown 
out m the feces, and their presence within the body is only 
certainly known ^ in this way. The segments are white in 
appearance like bits of boiled macaroni, and may often he seen 
on the feces of Kaffirs, who are always more or less troubled by 
them. For two days prior to the administration of the remedies, 
as given below, keep on ve:^ light diet, and have the bowels 
moved by a saline pmge. Take a good aperient overnight so 
as thoroughly to empty the bowel, and take nothing to eat for 
eight hours at least. Then take 120 drops (2 drawims) of the 
liquid extract of Mc^ Fem in milk; follow this up in four 
hoius by a good meal, and this by a brisk purgative to drive 
out the worm. The operations serve, first, to st^e the worm, 
then to kin it so that its hold on the intestinal coats is loosened, 
and finally by means of the mechanical agency of the food to 
drive it out. 

Another rem^y is sometimes very efficient. Get some 
pwnypTtm seeds, bruise three or four ounces, and macerate in water 
for 12 or 14 hours. Take the entire quantity as one dose, and 
follow in an hour by a purge. The preuminary treatment is the 
same as for the Mcue Fem. 

j. Ohmnhvnig mownicnns, with or without loads. In all dimbing operations, 
the first, and probably continuous, sense of discomfort is in the loss of 
breath. ^ The meaning of this loss of breath is, that the active 
exercise involved makes a drain on the blood for the nutrition of the 
muscles which axe feing worked, and insufficient oxygenation of this 
blood compels an increased beating of the heart to force a larger' 
quantity of blood through the lunge, which themselves are put to the 
strain in compelling quicker breathing. 

The whole art m carrying on any hard exercise is to keep the 
blood sufficiently oxygenated, and this is beet and most comfortably 
done by l^eathing deeper and more frequently in exact proportion to 
the exercise invoil^ed If, with this increased breathing, you still get 
out of breath, breathe for a few seconds as fast as you can; the sense 
of discomfort will quickly pass, and, in course of time, you will accustom 
yourself to breathe in proportion to the call made upon you, and find 
it as easy to climb a mountain as to walk on a level road, provided 
you are muscularly fit otherwise. 


(&.) HoBSB SlOOfBSS. 

A. Horse sickness, which effects both horses and mules, is prevalent during 

the sununer months throughout the cormtry, appearing shortly after 
the beginning of the rains in the summer (October to May), but is 
cmefly confined to the low- and bush-veld, especially at all low 
altitudes. It disappears suddenly at the beginning of the winter 
searon (May to October), and eight days after the first firost has set 
m, it is usually extinct as an epidemic, although oases may occur till 
after the second frost. 

B. There are two forms of the disease, one of which (Dunkop) chiefly 

attacks the lungs, and the other (Dik-kop) the heart. The symptoms 
ojf thejvi'st are that the animal is obviously suffering from want of 
the respiration is hurried; all available muscles to expand the 
hmgs come mto action j the stomach is tucked up; the nbs move 
forward and backward; the forelegs are extended as well as head and 
neck; nostrils expanded; sweating all over the body; a discharge 



49 


j&om both nostrils, at first slightly yellow, brought up at interv^s by 
coughing, and, finally, whitish-yellow foam thrown out by shaking 
the head and neck, after whidi the horse usually dies, staggering 
before dropping. 

a The aym/ptoma of the second are that it begins exactly in the same way 
as the Dunkop except that the lung troubles do not set in so 
vehemently. The typical S 3 miptom is a swelling which appears, as a 
nzle, first above the eye, the cavities looking as though blown up. 

The sweUing may extend aU over the head, down the neck, and even 
as far as the back. The eyes are press^ partially out of theii' 
sockets, are teaxfiil, with glaring aspect, eyeballs protruding. 

D. Prevention .—^No horses or mules are to be allowed to graze, during the 
horse sickness season, before sunrise, and then not before the dew is 
entirely off the ground, or after sunset or after dew has begun to 
fall in the evening. In case any animal shows the foregoing symptoms, 
he should at once be separated ffom the others and picketed apart, 
to leeward, at a safe distanoe, and rubbed over with parafBn. It is 
not certainly known to what conditions horse sickness is due, but 
. there is strong presumption it is due to the bites of mosqxiitoes or 
othei' insects, although some people suppose grazing on dewy grass 
may in some way be the cause. The camp snould never, ther3bre, 
be formed low down in hollows or near the banks of a river, nor near 
dense woods which might harbour the noxious insects. All the 
animals should be blanketed at night, whatever the weather. 

B, Treatm&nt .—There is no certain cure known for the disease, so that 
the preventive measures above given should never be relaxed. No 
method of rendering horses immune has yet been discovered. The 
so-called “salted” aninxals (that is, animals which have survived an 
attack) are less liable to get the disease, but when they do it is 
generally in a very virulent form. The best timtment is to give the 
animal a good purge—say a tablespoonful of powdered odoes —^followed 
after two hours by a dessert-spoonful of guinine and two or three 
smaller doses of quinine on the following day. In the indpimi 
stages of the disease this will frequently effect a cure. To allay the 
pains of inflammation, a q^uarter of a bottle of brandy, or diluted 
painkiller, can be given >vith the quinine. When the discharges begin 
to issue from the nostrils, open up the lung passages with frequent 
doses of eucalyptus oil, by means of both nostiil and mouth. 

Notb. —Omy after the field work was completed did Dr. Theiler, 
of the bacteriological division of the Transvaal Department of 
Agriculture, succeed in evolving a serum for horse sickness. This, 
after severe tests, was found to render most mules immune, and is 
now largely used. It has not yet been successfully diluted for horses. 

OKDINANOE TO COVER ENTRY ON LANDS. 

136. The right of entry upon land for purposes of the survey was covered Entry on 
in the Transvaal by the passing of an ordinance (No. 11 of 1903) entitled “An 
Ordinance to fecihtete a Trigonometrical Burv^, and to provide for the pre¬ 
servation of Trigonometrical Beacons.” In the Oremge River Colony no i^eoial 
ordinance was enacted, but the Colonial Secretary of the Transvaal, in his 
letter 5/17534, dated 6th August, 1908, stated that he had been advised that, 
for all practical purposes. Sections 15, 21 and 22 of the “Lands and Survey 
Ordinance, 1908,” of the Orange River Colony may be said to give equivalent 
powers to those contained m the Transvaal ordinance, except that the 
Transvaal ordinance confers greater powers, in that injury can be done 
provided compensation is paid, whilst in the Orange River Colony nothing 
put upon land by the owner or occupier for a useful purpose can be removed. 

On the other hand, the Orange River Colony ordinance permits the use of 
natural material both for beacons and tiigonometrical stations, whereas the 

(14181) D 
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Expendi¬ 

ture. 


Transvaal ordLoaace allows the use of material found on the land, hut for 
beacons only. Should the time ever come when a joint conmrehensive survey 
of the two Colonies is carried out, it would be satisfactory ii their ordinances 
were amended to give similar powers in both. 

187. The survey has been fortunate in having had practically no trouble 
in the held as regards entry on land, either for access to a trigonometrical 
station or for camping purposes. Compensation for damage done has only 
been claimed in two iMi^oes, both in the Orange Biver Colony, and both for 
trees out down which obstructed the view to and from other stations. On the 
first occasion the compensation ultimately agreed to was paid; the second is 
still under consideration. 


RAIL TRANSPORT. 

138. Rail transport has been largely used for the conveyance of the field 
parties, either to start them on their work or to move them from one starting 
point to another when at great distances apart, and there is no doubt that a 
considerable saving of money and time has been effected thereby. The bar¬ 
line party was the one which benefited most by this mode of transport, in that 
its equipment in road transport was only sufficient for its actual ne^s during 
the measurements. The additional road transport required to carry its large 
personnel and their baggage, as well as the instrumental and other equip¬ 
ment, would have necessitated a larger initial as weU as current expenditure. 
For such travelling by road as it had to do, from the rail terminus to the 
base-line site, the necessary additional transport was obtained locally by 
previous arrangement while the sites were being selected. 

189. The actual expenditure on rail transport has been £2,722 6a. 3d., 
made up as follows—the period covered being fi'om October, 1902, to June, 
1906 






£ 

a. 

d. 

Headquarters (Office) 

• ■ 


« • 

129 

2 

5 

Base-line measurement 

• ■ 


• ■ 

927 

12 

5 

Base-line reconnaissance 

• • 


• • 

118 

1 

9 

Observing:— 

£ 

a. 

d. 




Superintendent.. 

208 

5 

7 




No. 1 observing party ,. 

236 

5 

6 




O 

" 99 99 

254 

16 

0 





— 


— 

699 

7 

1 

Reconnaissance:— 







No. 1 party 

184 

10 

4 




}> 2 ,, .. .. 

57 

2 

8 




,, 3 ,, •, •. 

122 

0 

2 





—- 


— 

313 

13 

2 

Beaconing:— 







No. 1 party .. ., 

90 

4 

11 




9 

99 ^ 99 • • • • 

86 

11 

8 




,j 3 „ .. . , 

85 

18 

1 




>» 4 ,, ., ,. 

87 15 

3 





— 

— 

— 

300 

9 

11 

Subsidiary chains:— 







Reconnaissance and ob¬ 







serving .. 

75 

0 

4 




Beaconing 

19 

16 

7 





— 


— 

94 

16 

11 

LeveUiug party 

• • 


• • 

167 

1 

8 


Total (1902-06) £2,750 5 4 

This represents the total sum paid over to the Railway Department out of 
survey fiinds, and includes all rail charges under the various heads. The 
railway expenses for 1906-7 will probably not exceed £15. 
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140. It is only necessary to refer in detail to the transport charges in fioae-line 
respect of the base-line party. It is premised :— party. 

1. That had the party been equipped for movement entirely by road, the 

additional cost would have been at the rate of £3 10a per diem for 
the extra numbers of natives and mules required. 

2. That their road travelling would have been at the rate of 25 nailes per 

day, with a rest of one day after six days’ continuous trekking, and 
on reaching its destination. 

3. That the daify cost of the party on the lower establishment was £20|-, 

obtained by dividing the total current expenditure below by 15 
months m ^ya 

4. That the hase-^e party was in existence for 15 months, April, 1908, 

to July, 1904. 



£11,726 


Total cost of current plus 
special expenses is ... 10,660 


Current expenses. 

Special transport: £ 

Hail. 928 

Other ... 458 


£ 

9,274 


1,386 


Saving. £1,066 £10,660 

There is the further consideration as to the loss in depreciation of the 
extra transport vehicles and animals, which is not included, but which may he 
assessed at, approximately, £500. 


GROUND STANDARDS OF LENGTH. 

141. A not uninmortant part of the survey work has been the laying Gronnd 
down of the Ground Standards of length, with which Surveyors’ chains and standards, 
tapes may be compared ftom time to tune. The standards laid down are:— 

A. Bar measures of 50, 100, and 150 Cape feet in the New Government 

buildings at Pretoria. 

B. Wire measures of 150, 300, 400, 500, and 600 Cape feet on the Race 

Course at Prdxn'ia. 

c. Bar measures of 50, 80, and 100 English feet, and 50 Cape feet, and 
wire measures of 150, 300, 400, and 500 Cape feet in Joubert Park, 
Johanneslurg. 

(14181) D 2 
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142. The final lengths of the foregouig standards are as follows :— 


Terminal. 

Lengiih. 

0 Cape feet. 

0*0000 Cape feet. 

50 

49*9974 

100 „ 

100*0080 

150 „ 

150*0004 

0 Cape feet. 

0*0000 Cape feet. 

150 „ 

149*9985 

300 

299*9956 „ 

400 „ 

399*9979 „ 

500 „ 

499*9977 

600 

599*9965 

0 

0*0000 

50 English feet. 

50*0003 English feet. 

50 Cape „ 

50*0119 Cape „ 

80 English „ 

79*9982 English „ 

100 „ 

99*9995 „ „ 

0 Cape feet. 

0*0000 Cape feet. 

150 „ 

150*0014 

800 

800*0017 

400 „ 

400*0011 „ 

500 

500*0041 


143. The long standards measured with Jaderin wires were treated as 
miniature base lines in every respect, and measured in a similar way except 
that the bar stimdards for comparison of the wires were not so long. 

The terminals of the standards are fixed in concrete blocks sunt flush with 
the ^und, the ground surface along the entire length being ^ecially prepared 
to admit of easy comparison of chains and tapes. 

144. It was thought that it would be very advantageous if similar 
standards were laid do^ in all the South African colonies, and a letter was 
addressed to the Imperial Secretary for the fevourable consideration of the 
High Oommidsioner, pointing out what had already been done in this direction 
in the Transvaal, and submitting that similar action might be acceptable to 
other Govemmente. The suggestion was to utilise the survey staff on the 
completion of their present work, and before being scattered, to oaiTy out this 
work at such centres u the oolonies might desire, in order that fiill advantage 
mi^t be taken of their experience in such work. It was pointed out that the 
staff proposed to be employed had participated in the measurement of five long 
base lines having a total length of nearly 70 miles, measured throughout three 
Tsunes, representing oyer 200 miles of linear measurement; that it was oei'tsin 
that, m the near fiiture, the Jaderin system of measurement by mAn-na of 
metallic wires would entirely supersede the old method by means of steel 
chains or tapes, that it would then be absolutely necessaiw to have long ground 
standards laid down for standardising the wires, and that it would be 
advantageous for the colonies to anticipate these future requirements by 
utUising the services of experienced men fresh from their work. 

But, imfortunately, like other suggestions savouring of science and 
aocumcy, and progress and development underlying them, the replies from the 
colonies have heen in the negative. Nevertheless, it has been thought to be 
the duty of the survey to make the suggestion, and to put it on record. 


ONE METHOD OF KENDERINa A SECONDARY TRIANGULATION 
CONFORMABLE TO THE PRIMARY. 


SecoDdaiy 
points in 
relation to 
primary. 


145. Let the triangle ABO represent a triangle of the primary chains, so 
that it is fixed in all respects. Let a, 6, c, &c.,be the points of secondary 
chains r unnin g in the direction of the primary lines. 
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Observations would be taken with sufficient accuracy by means of a 6-iuch 
theodolite provided with micrometers for reading the horizontal circle at aJl 
the secondaiy points among themselves, and these are all that are necessary. 

{Starting, th^, at A, we chain alongAO would £rst be made conformable 
to that line; next, the chain along would be similarly treated; and, 
finally, the chain between B and C would be made conformable to that fine, as 
well that the lines and would be taken as fixed. There would then 
only remain to fix the position or positions of any points such as I, m, n, p. 



with reference to the fixed points surrounding. In this way the whole of the 
primaiy chains would be filled in with secondary work which would be rigidly 
fixed. 

146. In order to fill in the spaces contained within quadrilaterals, or 
closed circuits, of the prima^ chains, the same principle of working from whole 
to part might be apphed as rollows:— 

Let the thickened irregular line 
represent the inward series of secondary 
lines filling up the primary chains as 
described above. Then, depending on 
the area of the enclosed space, one or 
more secondary chains, such as AB, CD, 
would be run meridionally, which would 
be made conformable to their terminal 
sides. Next, loi^itudinal chains, such 
as EF, Q-H, would be run and made to 
conform in a similar way at their 
terminals and at their junctions with 
those along the meridian. There only 
remain the small enclosed spaces, a, to 
fill in with triangulation, and fix them 
with reference to the foregoing. 

In this w^ the geometrical con¬ 
ditions are fiilfuled in a simple and 
expeditious manner, and the rigidity of 
the work ensured from step to step with 
a complete control over any tendency to the accumulation of errors. 

147. The computations involved are quite simple, and not too laborious for 
the result to be obtained. As an illustration of the method in its early stages, 
a ftha.i-n of points was selected connecting the trigonometrical station at Cable 
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Hill (Pretoria) -with that at Observatory Hill (Johannesbui'g). The 
oteervations were made with a 6-inoh theodolite by Messiu Trougntou and 
Simms. The chain was eventually coimected with the Band triaiigulatiou in 
order to bring in the results of a previous determination of latitude and 
longitude for comparison with the results of the new survey. 

A ftill report of the calculations involved, and the general results, uppeaiu 
in the Appendix to Mr. Bobinson’s report (page 198). 


PHOTOGRAPHS. 

niudtea^g 14 g. ^ attempt has been made to illustrate the report with photogi-aphs 
^ of ■fcf'-e more important instruments used, as shown in the list below:— 
graphs. No. 

1 & 2. Bepsold theodolite (near view). 

3 & 4. Bepsold theodolite on its portable stand. 

5 & 6. Levelling instrument on its tripod. 

7 & 8. Levelling instrument (near view). 

9. Theodolite stand on ring. 

10. Transferring apparatus. 

11. Pulley wheel of straining pole. 

12. Straining pole and weight suspended. 

18. Tripod of Jaderiu base apparatus. 

14. Temperature scale for standardise!'. 

15. Method of holding levelling staff in the field. 

16. Drums for concrete beacons. 

17. Preceding ta-m^ of Jaderiu wii'e with observers. 

18. Following terminal of Jaderiu wire with ol)se3*\'ei'B. 

19. Jaderin wires, working with, in the field. 

20. Bepsold theodolite on concrete pillar hi hut, showing iwraugO' 

ment of bullseye lanterns for astronomical obsci'YationsV 

21. Bar comparison ^paratus in hut. 

22. Standardiser for levelliag staves. 

23 & 24. Stereoscopic view of Bepsold theodolite. 

25. Stereoscopic view of levelling instrument. 

26. Terminal of standardiser^levelling staves, wboi'o bniSK and 

steel rods have free expansion or conti'actiou. 

27. Micrometer terminal of above. 

28. ‘‘ Ooud4 ” microscope of standardiser in position. 

29. InstruDaental details of Jaderiu apparatus. 

30. Photograph of the Survey Staff. 

The ste^o^pic views are so arranged that similar points on the twn 
aie i^es apart, which is leas than the average distatue between 

J^t^«dof.etereo«tope. Perhaps the fSlow^ Lplanatir^“hX 

“■* a very distant object the area of the two even aw. 

are superposed it ia bninot yr,'.! mward images of the pictures 

the t^ le^M of was viewe^y ' 

difaculty alwavs is tn the sensitive plate. The 

tiny always le. m first attentpto, to maintab the paralleliatn of tlw^aicee of 
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the Wo eyes, but a little practice aud some mental effort soon allow of this 
being done. It is becoming the accepted practice now to photograph patho- 
lo^c^ and other conditions stereosoopically, so that the objects may oe viewed 
with the eyes as the eyes view them directly, and thus to give them a solidity 
which a single photograph cannot do. 


SURVEY OFflOE. 


149. The Trigonometrical Survey Office was first established in the new Location 
jrablic buildings in Pretorius Street, Pretoria, where it remained during 1903. of ofBce. 
But as only one small room was available, and as stores began to accumulate, 

it was found necessary to increase the acconomodation. A suitable dwelling 
house was hired in Jubilee Square, containing four rooms as offices, and two as 
store rooms, into which the personnel and stores were moved in December, 

1908, since which it has been the headquarters of the survey. - 

150. The total number of field record books is 148, as shown in Table Y, 
in which they are classed as follows :— 

Nos. 

a .Base-h'ne records. 1-J 5a 


Field 

reoorda 


h .Ground standards 

c .Comparison of bars 

d .Horizontal and vertical angles 

6 .Astronomical observations 

f .Geodetic levelling 

g .Miscellaneous 


16-18 

19-23 

24-67 

68-76a 

77-144a 

145-148 


Each book or packet bears a number and a label stating its contents, so 
that any particular part of the work may be found for fiiture reference without 
any trouble. 

151. The records of all the calculations connected with the survey are Oomputa- 
made up and numbered as given in Table W, in which they are classed as liom-eooi-ds. 
Mows 


Books. 


a .Base lines . 

h .Horizontal angles ... 

c .Vertical angles 

d .Computation of triangles 

& .Ciromt solution 

f .Astronomical 

g .Geodetic levelling ... 

h .Bough field camputations 


Nob. 

1-9 

10-14 

15-18 

19&20 

21-26 

27&28 

29-34 

35-37 


Papbes. 

j . Base lines 

k .Horizontal angles 

I .Vertical heights 

m .Probable errors 

n .Circuit solution 

0 .Astronomical 

p .Bars. 

g .Geodetic leveUmg ... 

r.Swaziland triangulation 


38&89 

40&41 

42 

48 

44-46 
47 A 48 

49 

50&51 

52 


152. The following is a list of the Tables contained in the reports. Those Tables, 
from A to N are incorporated in Mr. Bobinson’s report. The remainder are 
placed at the end of the report as a whole, and are followed by the descriptive 
nst of stations and the final results of the survey:— 

A. Observed angles and their corrections. 

B. Triangular errors. 

C. Co-oromates of station on the line of traverse. 

D. Values of P and Q used in the computations. 
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DiagmmH. 


OiEce 

records. 


Bold 
reports, 
BEetohes, 
and maps. 


£. Values of coefficieuts and absolute terms. 

F. Besultiuff corrections. 

G. Values of P and Q in supplementary adjiistment of chains a, h, o. 

H. Values of coefficients ana absolute terms of chains <t, h, v, 

J. Elesultiiig corrections, adjustment of chauu9 a, h, o. 

K. Arbitrary corrections for circuit closure. 

L. Final co-ordinates of stations in circuits. 

M. Coefficient of refraction determined from mutual vaitical au^rles. 

N. Besulting corrections to the differences of height. 

O. Separate lengths of bars. 

P. Combined lengths of bars. 

Q. Table of loga M, N, and E. 

R. Table of log. constants A, F, G, H, J, P, atul C. 

S. Distances from tire 25tli parallel. 

T. Astronomical azimuths. 

U. Astronomical latitudes. 

V. List of field record books. 

W. List of computation records (books and papens). 

153. The diagrams accompanying the report are enclosed in lias. 
Beierenoe is made to them in the covering letter addressed to the Secrettuy, 
Intel'-Colonial Council.. 

154. The office records connected with the suivey ai'e made up and 
numbered as given in Mr. P. 0. Morgenrood’s report, as follows: — 

301- 337. lied letter files of con'espondeuce. 

888-351. Books referring to expenditure, equipment, stores, and 
con'espondcuioe. 

852-356. Letter books. 

857--372. Manifold books (minor correspondence). 

878-882. Telegrain books. 

888-895, Order books for stores, etc. 

896 onwards. Miscellaneoue. 

155. The records of field reports on trigonometrical stations and roads 
connecting them, tvs well as of the maps on which the triangulation was 
ffiawn as the work progressed, are similarly numbered, indexed, and arranged 
in sets as follows:— 

A. Trigonometrical stations, separated into eight groups. 

B. Ouuiue sketches of distant counti'y, from stations. 

0. Road reports. Group m to VIII. 

D. Sketches to scale of tiigonometrioal points and surroundings. 

K Maps. 

166. A general index to the trigonometrical stations, for the printed 
report, has_ been drawn up, and is attamed to this report. It cannot bo com 
pleted until all the work is in print. Only one copy is needed, and that copy 
has to go to England. 


W. G. MORRIS, Colonel, 

Sv^erinienderU Triffonotnetriodl ihirvey. 
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REPORT OP MR. W. B. ROBINSON ON COMPUTA¬ 
TIONS AND RESULTS OP SURVEY. 


REDUCTION OF BASES TO MEAN SEA LEVEL AND 
PROBABLE ERRORS OF REDUCED BASES. 

1. The adopted mean heights of the bases depend on the heights of the 
terminals, obtained through the ad^ted yertical angles, and upon the 
levelling during the measurement. The data and resmts are given in the 
following table:— 


Baue. 

Mean 

Height. 

Measured 

Lengths. 

Beduotion 

to 

M.aL. 

Bednced LonglhH. 

Log. Eng. ft 

Value of 
Sjog. uHod 
iu oompu- 
tatioBS. 

1 

Belfast .. 
Ottoahoop.. 
Wepener ., 
Eroonstnd 
Hoats B. .. 

Eng. ft. 
6,826 
4,690 
4,879 
4,647 
8,991 

Metres. 

18,994*055 

17,438*206 

21,655*845 

19,886*181 

38,969*849 

Metres. 

-6*764 

—3*917 

-6*068 

-4*819 

-6*494 

Metres. 

18,988*801 

17,4.34*288 

21,660*287 

19,881*812 

88,962*865 

Eng. ft 
62,298*18 
57,199*62 
71,081*77 
66,065*58 
111,427*72 

4*7944750 

4*7578981 

4*8514526 

4*8188618 

5*0469982 

4*7944761 

4*7578982 

4*8614627 

4*8188512 

5*0469981 


Pbobablb Eabobs Oi? THB RBx>truBB Bases. 

2. In addition to the sources of theoretical probable error discussed in 
Ml*. Simms’ report, there are :— 

(a) The errors in the reduction to sea level due to the errors in the 
adopted heights (see paragraph 21). 

(b) The i^stematic errors discussed by Sir David Gill in the “ Report ou 

the Geodetic Survey of South Amca,” vol. I, p. 66. These ai*e: the 
probable error of the Standard Bar, the probable errors in the 
Comparison of the Base Bars with the Standard, and the probable 
systematic errors of the thermometer zero. Sir David Gill estimates 
tne probable combined effect of these systematic errors at ± 1*065 /t 
where /a is one millionth part of the length. 

The combined effects of the systematic and accidental errors on the probable 
errors of the lengths of the reduced bases are tabulated below:— 


Base. 

Probable 
effeot of 
sjstematio 
aud acddontal 
orrora in 
meatmrement. 

Probable 
effect of 
errors of 
Height. 

Probable 
effeot of 
syatemalio 
errors of 
Bars and 
Thermo¬ 
meters. 

Probable error of Base. 




/« 

A* 

mm. 

inohes. 

Belfast.. 

±0*726 


±1*066 

±i*818 

±26 

±1*0 

Ottoahoop 

±0*526 

±0*883 

±1*066 

±1*248 

±22 

±0*9 

Wepeuer 

±0*296 

±0-484 

±1*066 

±3-200 

±26 

±1*0 

Erooustad 


±0*486 

±1*066 

±1*192 

±24 

±0*9 

Houts E. 

±0*526 

jjjglliyi 

±1*065 

±1*239 

±42 

±1*7 
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ifethods 

adopted. 


Cfircle 

divisLons 

andmioro- 

meters. 


Bun. 


Level 


Watdi and 
sight 


Hoiiz^tal 

angles. 


' QMapgoIar 
. errois. 


Eeduouok of MsAsinaBs of Hobizontal AkhTjEh. 


3. (a) Li the reduotion of the measm'es of the hovizoiital aiigleH, tho 
methods adopted in the survey of Oape Colony were closely followed. 


(6) The hoiizontcd circles of the Eepsold theodolites arc divided into 
4-miixute spaces, and are read by two microscopes, the scrow-headH of which 
are diyidea into 60 parts. Two revolutions of tho sci’ews coiTosnoiui 
approxunately to 4 seconds of arc, therefore each division of the head 
equals 2 seconds. ^ ^e whole revolutions of the screw were recorded tis 
mmutes, and the (^visions of the head as seconds. Thus, in order to obtain 
the mean of the micrometer readings in true minutes and seconds, tho I’ocoixled 
readmgs of the two micrometers are added togetliei*. The inicronuiters were 
read with the ri^ht-hand wire biseotii^ the readiug division, and the left- 
hand wire bisecting the lun division. The angular interval between tho two 
sets of wires was determined at each station. 


(c) The correction for run was obtained by combining the rtuwlings 
dmmg the observation of horizontal angles with this determination of the wire 
mterval, as follows:— 

Let W = Wire interval (excess in recorded seconds), 

Bi = Beading of right hand wire, 

L = Beading of left hand wire; 

then the correction for run for a recorded one mumte space is ((L - K)- W), 
m true seconds of arc. The correction was supplied to the moan rotuling of 
the imorometers, and the factor for each microscope to bo multiplied by the 
recorded nunutes, IS therefore 

i ((L-B)-W). 


((^ The level readings were always recorded, but 
were, m general, too insignificant to be applied. 


the level corrections 


were^lSlTfff*“?®i/”/^® sight tohvioopes 

W observed in any one arc, tho iSt- 

hand pomt b^ the pomt of reference. ^ 


thresh V ^berley to Ottoehoop and in the tie-chain 

Kroon^ad were measured on four aa*oe only. All 
of TalM^ffl £ WOTe measured on eight aim In column 3 

^ oTnt^ tW ^5^'^ of the angles thus i5easui-ed. In addition, 
and Natal Shtoato w u of all the triangles in the Oape (/olony 

with all figuial ^i^t adjustment of circuits, togethei- 

finally corrected andes ’ oorrections, and the seconds of the 

in considering the aliu^«Ti+j> fl corrections is given later on 

thea^Wd Tableialso contains 

Pretoria and Johannesburv ^ *^® ®ooondary chain between 

with e-in. and S-in. theSoUteT^^*^ Oaptam Gordon and Mr. A. Oochi-ane 

I 

anguS of afS t^iS 

angle for each section. j probaUe error of a single obeyed 

angles, and of the corrections^i^p^*^® i ‘^“‘trihution of the errors of tri- 
of triangles and the urobahle angles, may be given hei’e. The errors 
obs^er, and the oorreotiona ® angle are given for each 

measured for the Survev of thn j chain. Only triangles 

ounej of the TransTwI and Orange Eiver Od^y a» Sai- 
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(h) ABST&A.OT OF TBIAITOTTLAB BRBOBS. 





Limits of errors of triangles. 



Observer. 

No. of 
triangles. 




■ 'if 



Probable 

// 

It 

ft 

11 

n 

error of a 


0-0 

0-6 

1*0 

1'6 

2-0 

2-6 

single angle. 



to 

to 

to 

to 

to 

to 




0-6. 

1*0. 

1-6. 

2-0. 

2-6. 

8-0. 


Captain Gordon 

102 

64 

36 

8 

2 

2 

1 

If 

d=0-30 

Mr. Simms 

87 

86 

36 

15 

1 

* * i 

■ • 

±0-29 

Captain Ley .. 

71 

28 

21 

19 

6 

2 

m 9 

±0-89 


Range of 
errors.of 
triangles, 
and 

probable 
error of a 
single 
angle. 


Thus the probable error of a single angle, measured on 

eight arcs, is . ± 0"'80 

and the probable error of a single angle, measured on 

TOUT arcs, is. db 0"‘89 


Range of 

/ <v -n oonootiouu 

(l) EANas or OOBKECmONS to HORIZOOTAL angles. toliorizon- 

tal angles. 


Ohaiu. 

H 



II 

0*76 

to 

1-0 

It 

1*0 

to 

1-26 

Rn 

H 


II 

2-0 

to 

2-26 

II 

2-26 

to 

2-8 

No. 

of 

angles. 

Rewcastle-Belfast 

60 


17 

H 


2 

a . 

ft • 


ft ft 

117 

Belfast-^ltto^om 

Johannesburi^ETOonstad 

Erooustad-Wepener 

25 

17 




1 

ft ft 

ft ft 



67 

46 

39 

4 

5 

. • 

ft ft 


ft m 

■ • 


98 

61 

26 

16 

8 

1 

• ft 


ft ft 

ft ft 


96 

Wq)ener-Oala .. 

4 

6 

8 

2 

1 

2 

• ■ 

ft ft 

• . 

ft ft 

18 

Hopetown-Wepener 

16 

12 

2 

3 

a ft 

ft ft 

ft ft 

ft ft 

• . 

ft ft 

88 

Kroonstad-Newoastle •. 

16 

7 

1 

• « 

. • 

ft • 

ft ft 

. • 

■ . 

i .. 

24 

Kimberley-Kjoonstad* .. 

87 

12 

4 

1 

•. 

ft ft 

ft ft 

ft ft 

• . 


64 

Kimbei'ley-Ottoshoopt .. 

82 

62 

26 

17 

6 

mm 

mm 

ft ft 

• • 

”l 

185 

Tie-ohaiu. 

6 

11 



2 


mM 

ft ft 

. • 

! •• 

80 

Belfast-Limpopo.. 

43 

26 



ft « 

HI 

Hi 

ft ft 

* a 

1 •• 

78 

Total .. 

386 

286 


44 

n 

■ 

2 

• ft 

• a 

!' 1 

J 

784 

Excluding Captain Ley’s 
angles 

297 

178 

I 

26 

1 

1 

• a 

ft ft 

« 

. . 

! 

1 

. a 

669 


* Including 16 angles in Hopetown to Kimberley list, 

t » » w « » 


(A) Following Table B are given the data for reduction to the centre of Reductions 
a station, when the instrument or signal was eocentiaoaUy placed. to centre. 
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Table A. 


OBSERVED ANGLES AND THEIR CORRECTIONS. 








Seconds 

Name of Station. 

1 

Observed Angles. 

Figural. 

Oirouit. 

Nou- 

Oixciiit. 

of 

Ooirecled 


1 





Anglos. 


Kura William’s Town to Nbwoastud. 






0 

r 

it 

It 

It 


tt 

Bemip Ecm.. 

* e 

a a 

8 

68 

22 

10*84 

- *17 

+ *07 


17*34 

BreakasfcVlei 

• e 

a a 

1 

70 

51 

10*29 

- *17 

+ *68 


10*80 

Hogsbaok •. 

a • 

a a 

2 

60 

40 

34*12 

- *17 

ft 

-1*86 


32*00 

Berlin 

• • 

a a 

6 

73 

5 

4*41 

+ *71 



6*12 

Bbgsbaok ., 

• • 

a a 

2 

15 

19 

68*46 

— *08 



53*38 

Bekraip Cop.. 

• ■ 

• n 

8 

91 

86 

8*40 

+ *71 



4*17 

Gounbie .. 

• • 

a a 

4 

68 

82 

00*08 

-1*07 




Hogsbaok .. 

• ■ 

a a 

2 

43 

44 

81*46 

- *80 



miim « 

Bemip Cop,, 

• • 

a a 

8 

72 

42 

37*14 

+ *41 



j 

Gonnbie 

9 • 

a a 

4 

73 

28 

41 *42 

-1*00 



40*30 

Hogsbaok .. 

• t 

a a 



24 

38*00 

- *78 



87*22 


• • 

■ 


7« 

0 

48*27 

- *73 



47*64 

Gonnbie .. 

• a 

a a 

4 

9 

66 

41*89 

*00 




Bekrnip Cop. . 

• a 

a a 

8 

18 

62 

26*81 

*4" * 511 




Berlin 

a • 

a a 

6 

161 

11 

62*00 

- *08 



mm 

Windvogeiberg 

* k 

9 ft 

* « 

72 

27 

30*00 

+ *06 

- *16 


30*60 

Hogsbaok .. 

m 


2 

77 

68 

7*37 

+ *00 

- *36 


7*08 

Gonnbie 

« ft 

a a 

4 

29 

34 

21*41 

+ *00 

+ *60 


21*97 

kCbnlu ., 

a • 

ft ft 

7 

76 

1 

48*10 

+ *64 

+ *3-1 


19*04 

Wuidvogolbei’g 

a • 

ft 9 

0 

48 

84 

88*81 

+ *66 

- -81 



Oonsbie 

ft • 

a a 

4 

60 

28 

48*86 

+ *56 

+ *48 



Lubisi 

• ft 

ft ft 

8 

67 

26 

47*42 

- *16 

- *10 



Windvogeiberg 

9 ft 

ft ft 

8 

41 

80 

49*17 

- *14 

- *16 



Mbulu 

i « 

a a 

7 

80 

67 

30*63 

- *16 

+ *25 



Oweowed ., 

9 ft 

a a 

9 

67 

4 

80*78 

- *01 

- *19 


30*63 

Lnidsi 

9 ft 

a a 

8 

61 

68 

20*60 

- *01 

+ *07 


20*05 

Mbulu .. 

9 ft 


7 

71 

2 

18*44 

- *01 

+ *12 

• 

18*66 

Xnka .. 

• 9 


10 

44 

81 

3*24 

+ *42 

+ *07 


8*73 

Lnbisi 

ft ft 


8 

60 

8 

22*08 

+ *42 

+ *60 


23-70 

Oweoweni .. 

ft 9 


9 

76 

20 

40*98 

+ *42 

- *74 


40*61 

Bazda 

ft ft 


11 

88 

88 

81*86 

- *04 

— *42 


30*89 

Xnka ,. 

ft ft 


10 

50 

11 

26*28 

- *08 

+ *04 


26*24 

Owecweni .. 

ft ft 


9 

46 

10 

9*29 

- *08 

+ *88 


9*64 

Yiewhill 

• ft 


18 

67 

80 

43*76 

+ '*18 

- *80 


43*01 

Xnka ,. 

ft ft 


10 

69 

88 

26*74 

+ *16 

+ *08 


27*68 

Bazw 

ft ft 


, 11 

62 

66 

64*00 

+ *16 

- *88 


58*88 

Noolora 

ft ft 


. 18 

64 

18 

6*77 

+ *86 



7*68 

Yiewhfll 

ft • 


. 12 

61 

88 

14*46 

+ *09 



14*65 

Bazeia 

ft ft 


. 11 

64 

8 

48*67 

-1*24 



42*88 

Bele .. 

9 ft 


. 14 

91 

21 

21*78 

— *67 



21*21 

Viewhill 

9 ft 


. 12 

61 

82 

10*92 

— *62 



16*80 

Bazeia 

ft ft 


. 11 

87 

6 

26*49 

, - *81 



26*18 
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Table A-^ontinued, 








Seconds 

Name of Station. 

1 

Obaerved Angles. 

Figural. 

Oirotiitr 

Non- 

Oirouit. 

of 

Ooireoted 

Angles. 


Ema Wilmam’s Town to Newcastle— continwd. 







O 

t 

M 

fr 

n 


n 

Bde .. 

• • 

S f 

a a 

14 

161 

0 

17-68 

+1-18 



18-81 

Ncolora 

m m 

• ft 

ft 9 

18 

18 

58 

42-77 

+ -70 



48-47 

Viewhill 


ft « 

• a 

12 

10 

0 

67-66 

+ -70 



68-26 

Bele .. 


ft ft 

a a 

14 

117 

88 

20-64 

- -56 



19-98 

Bazeia 


• • 

ft ft 

11 

17 

2 

18-07 

- -98 



17-14 

Noolora 

•• 

« • 

ft ft 

13 

46 

19 

24-00 

+ -16 



24-16 

Nqnaahu 


ft ft 

ft ft 

18 

65 

18 

37-27 

-1-06 



36-21 

Tiewhill 

. • 

ft ft 

ft ft 

12 

33 

58 

1-41 

- -66 



0-75 

Noolora 


• • 

ft ft 

13 

80 

48 

27-25 

-1-41 



26-84 

Ladykok 

« • 


ft ft 

10 

57 

27 

33-96 

+ -42 



34-38 

Viewhill 

. f 


ft ft 

12 

67 

63 

37-04 

+ -11 



37-16 

Nqnashn 

■ • 

• • 

ft ft 

18 

64 

38 

68-23 

+ -19 



58-41 

Ladykok 


ft • 

ft ft 

19 

39 

50 

28‘88 

- -01 



28-87 

Ncolora 

• • 

ft • 

a . 

13 

48 

18 

4-79 

- -69 



4-10 

Viewhill 


• a 

ft ft 

12 

91 

61 

88-46 

- -55 



87-91 

Ladykok 

• • 


ft ft 

19 

17 

87 

10-68 

+ -44 



11-02 

Nqnashn 

• • 

a • 

ft • 

18 

129 

52 

80-49 

- -87 



29-62 

Noolora 


•• 

a a 

13 

82 

30 

22-45 

- -71 



21-74 

Viewhill 


ft ft 

ft ft 

12 

43 

88 

.58-06 

+ *04 



WM 

Nqnashn 


« t 

a a 

18 

.37 

87 

83-28 

- -77 




Bele .. 

■ • 

* * 

a a 

u 

98 

23 

30-27 

+ -59 



■b 

Nqnaahu 

■ a 


ft ft 

18 

27 

.36 

4-04 

- -29 



3-75 

Bele .. 

• • 

ft ft 

ft ft 

14 

62 

36 

47-41 

+ -54 



47-95 

Noolora 


ft ft 

ft ft 

13 

99 

47 

10-02 

- -71 



9-81 

Bazeia 



ft ft 

11 

22 

2 

31-79 

- -91 



.30-88 

Bela .. 


ft • 

ft ft 

14 

HR 

26 

6-77 

- -88 



6-.39 

Nqnadu 

• • 

1 V 

• ft 

15 

60 

.31 

24-67 

— -.54 


1 

24-13 

Bele .. 

« ■ 

ft ft 

ft ft 

14 

29 

12 

18-77 

— -19 


1 


Nqnadu 

• • 

ft ft 

• t 

15 , 

78 

29 

47-71 1 

- -2.3 



KEeQ 

Noolom 

• 9 

ft ft 

ft ft 

18 

72 

17 

59-39 

- -17 



IB 

Bazeia 



ft ft 

11 

5 

0 

13-71 

+ -02 



13-73 

Ncolora 



ft ■ 

13 

26 

58 

.36-39 

- -83 



35-06 

Nqnadu 

•• 


ft ft 

15 

148 

1 

12-38 

- -77 



11-61 

Qcwengaiia 


ft • 

m m 

16 

49 

40 

49-58 

- -12 



49-40 

Bale .. 


ft ft 

ft ft 

14 

48 

53 

2-77 

- -24 



2-63 

Nquadn 

■ a 

• ■ 

• ft 

15 

81 

26 

8-35 

+ -21 



8-56 

TTmtata 


ft ft 

ft ft 

17 

21 

17 

45-17 

- -17 



46-00 

Bele .. 

« • 

ft ft 


14 

28 

.31 

60-38 

+ -64 



61-02 

Nqnadu 

•• 

• • 

• ft 

15 

130 

10 

23-76 

+ -78 



24-54 

Gcwengaua 



ft ft 

16 

83 

2 

6-64 

- -20 



5-84 

Nquadn 

• • 

ft ft 

ft ft 

15 

48 

44 

15-41 

+ -67 



16-98 

Umtata 

• a 

ft ft 

• • 

17 

48 

13 

39-14 

+ -08 



89-22 

Q-owengaiia 

• a 


ft ft 

16 

1.32 

42 

56-12 

- -.32 



54-80 

^e .. 

, , 

ft ft 

ft ft 

14 

20 

41 

12-89 

— -88 



11-51 

Umtata 

• a 

ft ft 

ft ft 

17 

26 

55 

53-98 

+ -25 



54-23 

Insizwa 

.. 


ft ft 

20 

6.3 

12 

28-82 

+ -51 

~ *55 


28-78 

Ladykok 

, , 

ft ft 


19 

64 

40 

52-05 

+ -51 

+ -20 


.52-76 

Nqnaahu 

• • 

ft ft 

ft ft 

18 

62 

6 

42-00 

+ -51 

4- •;)5 


42-86 
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TaMe Ar—eontmued, 


Name of Station. 

1 

Observed Angles. 



Nou- 

Cirouit. 

Seconds 

of 

Corrected 


'A 





Anglos. 


King WnJJLAja's Town to Nbwoabtlb— coniirvu&d. 





■ 

0 

, 

n 


n 



Jnmbla . • 

• » 

■ • 

21 

61 

66 

21-14 


- -22 



Insizwa 

■ • 

■ i 

20 

42 

10 

84-64 


- -14 



Ladykok 

• a 

* 9 

19 

75 

54 

7-41 


+ -.36 


7-70 

Jambla 


9 9 

21 

49 

88 

80-97 

- -12 

4* •4f) 


31-30 

Insizwa 

• • 

• • 

20 

78 

42 

11-33 

- -12 

+ -11 


11-32 

Monot Ourrlo 

fl ■ 

a a 

22 

56 

44 

22-69 

- .11 

- -60 


21-1)2 - 

Z-waartberg .. 

■ e 

« « 

24 

51 

16 

6-98 

+ -25 



(5-23 

Jnmbla 

• a 

a a 

21 

85 

49 

26-10 

4- 



20-04 

Mount Currie 

• • 

* • 

22 

02 


82-00 

+ -20 



32-20 

•• 

Jnmbla 

• a 

• a 

a a 

a a 

28 

21 

114 

46 

7 

47 

12-01 

49-48 

-1-00 
-1-lJ 1 



10-85 

48-82 

Zwaartberg .. 

a a 

a a 

24 

20 

6 

4-29 

+ -07 



4-30 

MimpmuDg .. 
Jumbla •, 

« V 

a t 

23 

71 

14 

16-81 

- -78 



15-03 

a a 

> a 

21 

R1 

87 

15-68 

- *58 



14-95 

Mount CuiTio 

• » 

• m 

22 

27 

» 

.83-58 

- -80 



33-28 

Mungunung.. 

• t 

9 9 


42 

52 

50-20 

— -88 



66-32 

Mount Cnrrio 

■ * 

9 « 

22 

65 

46 

.68-42 

+ -60 



.68-98 

Zwaartberg .. 

« • 

• • 

24 

71 

20 

10-27 

+ -33 



10-00 

Mount Currie 

• • 

a a 

22 

07 

45 

80-79 

+ -08 

+ -23 


31-06 

Malowe 

• • 

a ( 

26 

48 

0 

0-57 

+ -03 

- -00 


8-94 

Zwaartberg .. 

• a 

« « 

24 

04 

14 

23-88 

+ -03 

+ -43 


24-34 

Eluka 

•« 


2G 

62 

2 

0-02 

- -02 



0-00 

Mount Carrie 

a • 

• i 

22 

86 

48 

41-78 

- -06 



41-18 

Molowe .. 

a a 

a a 

26 

81 

14 

17-08 

- -37 




Hluku 

a a 

a a 

2C 

19 

16 

61-62 

- -58 



50-94 

Mount Currie 

• a 

a a 

22 

81 

8 

21-26 

- •20 



21-00 

Ingeli,. 

t • 

a a 

27 

129 

40 

50-03 

- -4(1 



49-57 

Ingoli. . 

■ a 

a a 

27 

83 

44 

17-44 

- -48 



10-90 

Mount Currie 

• • 

a a 

22 

67 

47 

8-01 

- -86 



2-19 

Malowe 

• a 

a a 

25 

28 

28 

43-52 

- -16 



43-87 

El.nka 

a a 

a a 

20 

81 

17 

57-64 

— -OO 



60-94 

Malowe t. 

• a 

a a 

26 

52 

45 

88-62 

- -22 



83-30 

Ing^l 

a a 

a a 

27 

46 

66 

82-69 

+ -02 



32-01 

Eokstad 

a a 

a a 

28 

120 

4 

86-00 

+ -GO 



36-00 

Mount Currie 

a a 

a a 

22 

40 

28 

27-89 

+ -07 



28-00 

Ingeli 

a a 

•• 

27 

19 

81 

66-94 

+ -07 



60-61 

Umtamvuna .. 

a a 

■ % 

20 

08 

8 

48-01 

- *07 



47-94 

Ingeli, , 

a a 


27 

26 

18 

41-16 

- -07 



41-09 

Hluku 

a a 

9 1 

20 

85 

42 

82-66 

- -08 



32-48 

MfJowe .. 

a a 

■ 1 

26 

75 

56 

10-61 

- -12 

+ -05 


10-44 

Zwaartberg 

a a 

«» 4 

24 

82 

36 

86-89 

- -18 

+ -28 


35*64 

Mabeblan .. 

a a 

• i 

80 

71 

28 

17-77 

- -1-2 

- -33 


17-82 

Zwaartberg .. 

a e 

• « 

24 

40 

10 

42-20 

+ -68 

+ -76 


48-68 

Mabeblan .. 

a a 

9 1 

80 

66 

41 

60-14 

+ -69 

— -62 


60-81 

Marwaqa .. 

a a 

• < 

81 

78 

7 

29-49 

! + -68 

- -28 


29-94 

Mabeblan .. 

a a 

• 

. 80 

70 

69 

58-84 

- -02 

+ -21 


64-03 

Marwaqa , . 

0 • 

V 

. 81 

61 

10 

41-74 

- -02 

+ -40 


42-12 

Bymetown ,, 

f * 

« 

. 82 

47 

40 

27-67 

- -02 

- -61 


27-04 
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Table A— coniinued. 


Name of Station. 

1 

Observed Angles. 

Figoral, 

Oirouit. 

Non- 

Oircnit 

Seconds 

of 

Corrected 

Ang'les. 

King Wn 

1 

T.TATW'f 

I -: 

i Town to Nbv 

1 1 

TOASTLfi 

1 

—condt 

1 

lued, 

1 1 

1 


Bynietowii . 
MArwflqa . 
Zwaartkop I. 


Ijahluzan 
Byrnetow , 
Marwaqa 

Bymetown . 
Zwaartkop I, 
Inkluzan 

Marwaqa , 
Inhlnzan 
Zwaartkop I, 

Spioenkop . 

luLlnzan 

Marwaqa 


Miarwaqa 
^ioenkop . 
Zwaartkop I. 


Inblnzan 
Zwaartkop I. 
Mount Oitboa 


Inkluzan 
Arrocbar 
Zwaartkop I, 

Spocnkop . 
Inhlnzan 
Zwaartkop ]. 


Spioenkop 

Arroohar 

Inhlnzan 


Arroohar , 
Inhlnzan 
Mount Gilbon 


Arroohar 
Zwaartkop I. 
Mount Gilboa 

Spioenkop . 
Aixochai' 
Zwaartkop I. 

Morton's Hill 
Zwaartkop [.. 
Mount Gilboa 

Mount Gilboa 
Moiton’s Hill 
Greenkop 


Greenkop 
Morton's Hill 
Baynes’ Hill.. 


81 

84 

88 

82 

81 


34 

8.8 

81 

88 

84 

83 
33 
81 

81 

85 

84 

33 

34 
30 

83 

87 

84 

85 

88 
34 

85 

87 

88 

37 

33 


87 

84 

36 

35 

87 
84 

40 

84 

86 

86 

40 

88 

38 

40 


108 48 82’02 

28 7 48*62 

48 8 46*71 

74 25 86*08 
52 80 4*68 

58 4 21*92 

66 13 27*34 
84 82 9*45 

89 14 24*60 

29 56 88*30 

118 40 0*68 

86 23 22*74 

62 24 11*41 

90 14 18*28 
27 al 81*88 

57 18 9*68 

77 18 56*69 
45 27 56*18 

51 28 14*98 
83 47 29*36 
42 49 16*93 


78 

41 

59 


55 48*45 
12 22*84 
61 60*17 


14 49 45*29 
156 5 41*09 

9 4 88*44 

76 46 2*68 

27 4 0*19 

77 9 62*64 

88 69 69*57 
27 32 38*47 
63 27 28*96 

47 47 87*23 
26 65 39*20 
106 16 46*87 

60 60 17*29 
68 16 28*53 
50 47 16*78 

167 14 24*66 
8 12 26*12 
14 88 10*84 

70 50 26*16 
70 19 68*08 
88 49 40*98 

75 40 16*76 
45 89 58*18 
68 88 47*08 


II 

+ *07 

- *48 
+ *38 

- *60 
- *11 
+ 1*00 

4* *19 

- *04 
+ *16 

+ 1*48 

- *84 

- *42 

+ 1*07 
+ *11 

- *66 

+ *92 
+1*76 

- *59 

+ *66 
+ 1*08 

— *44 


+ 

+ 

+ 

+ 


*99 

*04 

*97 

*07 

*23 

*17 


- *16 
+1*26 

- *76 

- *80 
+ *83 
- *08 

- *27 
+ *10 

- *40 

- *82 
+ 1*22 
+1*14 

+ *28 
- *01 
- *01 

+ *60 
+ *74 
+ *02 

— *71 

- *40 

+ *24 


82*09 

48*14 

47*09 

86*68 

4*67 


27*68 

9*41 

24*75 

89*78 

0*84 

22*82 

12*48 

18*84 

80*82 

10*60 

68*44 

66*69 

16*64 

30*44 

16*49 

49*44 

22*80 

61*14 

46*00 

41*82 

88*27 

2*48 

7*46 

61*88 

69*27 

38*80 

28*92 

86*90 

89*30 

46*41 

16*47 

29*76 

17*87 

24*88 

26*11 

10*88 

26*75 

68*82 

41*00 

16*04 

67*78 

47*92 
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Table A— ooniintted. 


Name of Btation. 

4 

1 

Observed Angles. 

Pigural. 

Oironit 

Nou- 

Oirouit. 

Secnnds 

of 

Oorreoted 

Angles. 

King Wilijam’b* Town to Newcastle — contimied. 





0 

t 

It 

// 



ff 

Zwaartkop I.. 

• 1* 

a a 

84 

46 

40 

12-40 

-1-23 



11-17 

Morton’s Sll 

• « 


40 

86 

46 

44-19 

- -61 



43-68 

Baynes’ Hill.. 

a a 


89 

47 

28 

6-87 

- -41 



6-46 

Mount Gilboa 

a • 

a a 

88 

8.6 

2aT 

36-40 

+ -50 



86-08 

Zwaartkop I.. 

a a 

a • 

84 

80 

1 

69-87 

-1-26 



68-61 

Greenkop . . 

a a 

4 4 

88 

64 

84 

27-87 

- *43 



26-04 

Greenkop 

a * 

• 9 

.88 

60 

1 

29-86 

— -26 



20-U 

Zwaartk^ I. 

a • 

• 4 

34 

28 

66 

87-66 

+ -03 



37 *08 

Baynes’ ^1 .. 

• * 

4 4 


106 

1 

64-66 

- -17 



i)4-.3H 

Mount Gilboa 

* • 


88 

65 

62 

1-72 

+ -38 



2-06 

Zwaartk^ 1. 

a • 


84 

68 

68 

SI'62 

-1-24 



36-28 

Baynes’ Hill.. 

a a 

• 4 

39 

70 

9 

23-70 

+ -01 



2.8-77 

Greenkop .. 

a a 

a a 

88 

114 

86 

66-73 

— -68 



60-06 

Mount Gilboa 

• 4 

4 4 

86 

20 

31 

83-76 

+ -27 



34-03 

Baynes’ Hill.. 

• a 

•• 


85 

62 

.80-80 

- -10 



30-01 

Morton’s Hill 

■ ■ 

a a 

40 

116 

60 

61-26 

+ -38 



r)i‘.')9 

Baynes’ 11111.. 

a a 

4 % 



41 

16-88 

+ -43 



17-31 

Mount Gilboa 

« • 

4 4 

80 

41 

18 

.61-30 

+ -33 



61-72 

Greenkop .. 

4 * 

a a 

38 

26 

44 

46-30 

— -4.6 



45-04 

Morton’s Hill 

a 4 

• 4 

40 

182 

26 

42-86 

-1-01 



41-86 

Z's aartkop 1. 

• m 

• 4 

84 

21 

40 

84-76 

-1-26 



.83-60 

Baynes’ Hill .. 

• • 

a a 

80 

80 

46 

84-04 

+ '3u 



86-20 

Morton’s HOI 

a a 

a ■ 

40 

82 

1 

64-48 

- -.67 



.63-01 

York .. 

a a 


42 

lOK 

12 

81-08 

+ -111 



8J-22 

Morton’s Hill 

a a 


40 

4ft 

8 

64-86 

+ -.61 



64-86 

Baynes’ Hill .. 

4 4 

4 4 

8i) 

88 

17 

24-80 

- •fiS) 



21-11 

Otto’s Bluff .. 

4 4 

4 4 

41 

Oft 

88 

41-28 

+ -21 



41-62 

Baynes’ Hill .. 

4 t 

a a 

30 

7.8 

2 

60-74 

- -.84 



.60-40 

Otto^B Bluff .. 

• 4 

m m 

41 

42 

to 

5-04 

+ -87 



(i-31 

York .. 

ft 4 

• a 

42 

64 

46 

66-00 

- -.88 


j 

64-76 

Morton’s Hill 

■ 4 


40 

80 

6 

48-83 

- -06 




Otto’s Bluff .. 

4 4 


41 

66 

28 

35-84 

- -1.8 




York • t ft • 

4* • 

a a 

42 

48 

26 

85-94 

+ -61 




Otto’s Blnlf ft ft 

4 4 


41 

48 

84 

88-18 

- -24 



82-80 

York ft ft 

4 4 


42 

88 

10 

3-.51 

- -04 



2-67 

Morton’s Kraals 

4 4 

a a 

44 

103 

16 

20-04 

-1-21 



24-88 

Otto’s Bluff .ft 

4 4 

a a 

41 

62 

1 

11-02 

+ '04 



11-06 

York., 

• • 

a a 

42 

31 

6 

46-68 

- '0-1 



46-49 

Baynes 

4 4 

a a 

48 

96 

68 

2-82 

- *07 



2-76 

Otto’s Bluff ft. 

4 • 

a • 

41 

06 

36 

44-15 

— «20 

1 


43-06 

Baynes 

4 ft 

a t 

48 

44 

12 

8.5-20 

+ *20 



36-56 

Morton’s Kraals 

4 i 

a a 

44 

40 

11 

41-23 

— '52 



40-71 

York ft ft 


a 4 

42 

64 

16 

60-04 

- -98 



49-06 

Baynes 

p , 

a a 

48 

62 

40 

27-.54 

— -.34 



27-20 

Mmon’s Kraals 

4 • 

•• 

44 

03 

3 

44-81 

~ -09 



44-12 

Morton’s Kraals 

4 4 


44 

43 

43 

20-05 

- -6.3 



20-42 

Baynes 

4 4 

4 4 

43 

32 

62 

20-31 

' — -80 



28-.61 

MoKende’s 

4 4 

4 4 

45 

108 

24 

12-51 

1 -1-26 



11-26 
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Table A— oontinutd. 



.. 1 




Non- 

Oiionit. 

Seconds 

Name of Station. 

Nxunber 

Observed Angies. 

Fignral. 

Qirouit. 

of 

Oorrected 

Angles. 


King ‘Wtiuaii’s Town to NnwaASTUB— continued. 






— 

O 

t 

n 

// 

tt 

* 

n 

Morton’s Kraals 

« • 

, , 

44 

61 

9 

29-85 

- -76 



29-10 

MoKenzie^s .. 

• • 

ft ft 

45 

68 

28 

42-74 

- -69 



42-16 

S^raals 

ft • 

• ft 

46 

60 

26 

48-95 

— -04 



48-91 

Baynes 

ft ft 

ft ft 

48 

62 

16 

27-82 

- -96 



26-86 

SfoKenzie’s .. 

ft ft 

ft ft 

45 

86 

0 

29-77 

- -66 



29-11 

Kraals 


• • 

46 

82 

44 

4-90 

- *24 



•1-66 

Baynes 

ft • 

ft ft 

48 

29 

22 

58-02 

- -16 



57-86 

Morton’s Kraals 

« 

ft ft 

44 

17 

26 

8-90 

- -22 



8-68 

Ejaals 

ft • 

ft ft 

46 

188 

10 

68-85 

- -29 



58-66 

McKenzie’s .. 



45 

84 

40 

45-10 

- -84 



44-76 

Kraals 

• ft 


46 

29 

28 

44-00 

+ -16 



45-06 

Roundhill 

ft 


48 

115 

55 

80-42 

- -18 



30-24 

McKenzie’s .. 

ft 


45 

24 

15 

8-08 

-- -20 



2-83 

Kraals 

ft ft 


46 

18 

41 

47-87 

+ -40 



48-27 

Waterfall 

ft ft 

t I 

47 

187 

8 

8-76 

+ -18 



8-94 

McE[enzie*s .. 

ft ft 

.. 

4d 

58 

65 

48-13 

_ -54 



47-69 

Waterfall .. 

ft ft 


47 

68 

0 

14-46 

_ ;17 



14-28 

Bonndbill .. 

* . 

ft ft 

48 

58 

8 

58-58 

_ -86 



58-17 

Kraeds 



46 

48 

5 

82-77 

4. *55 



88-82 

Waterfall 

# • 

. , 

47 

69 

2 

64-31 

4. -86 



54-66 

Boundhill . • 



48 

62 

51 

81-89 

+ -18 



32-07 

'Waterfall 

.. 


•17 

68 

7 

67-18 

_ -17 



66-96 

Ronndbill 

a • 


48 

85 

27 

49-90 

_ -70 



49-11 

North end Natal Base 

• • 

50 

91 

24 

14-80 

_ -86 



18-95 

WaterffiJl 

• a 


47 

29 

89 

1-61 

- -15 



1-46 

Boundhill .. 

. * 

ft w 

48 

27 

47 

26-28 

+ -05 



25-88 

Sonth end Natal Base 


49 

122 

88 

88-27 

— *04 



88-28 

Bonndbill 

ft • 


48 

68 

15 

16-18 

_ -74 



14-44 

North end Natal Base 

ft ft 

50 

44 

21 

14-89 

_ -46 



18-94 

Sonth end Natal Base 


49 

72 

28 

81-91 

_ -26 



81-66 

Waterfall .. 



47 

82 

46 

58-73 

- -81 



58-42 

North end Natal Base 

ft ft 

50 

47 

3 

0-42 

- -41 



0*01 

South end Natal Base 

• • 

49 

60 

10 

1-87 

+ -22 



1-59 

Table Mountain 



51 

68 

66 

85-18 

+ -87 

•+• -20 


86-70 

Spioenkop .. 


.. 

85 

71 

20 

82-58 

+ -37 

+ -08 


82-98 

A^oohox 


•• 

87 

54 

42 

54-91 

+ -37 

- -28 1 


66-06 

Umkolumbu .. 



52 

56 

46 

2-11 

+ -45 

+ -01 


2-67 

Table Mountain 


•. 

51 

40 

15 

54-69 

+ -45 

+ -12 


65-20 

AiTOohar 


• • 

87 

82 

58 

6-97 

1 

+ -45 

- -18 


6-29 

Onderbrook .. 



58 

66 

84 

11-28 

- -26 

+ '16 


11-12 

Umkolumba.. 



62 

64 

16 

80-22 

- -27 

- -07 


29-88 

Table Mountain 



51 

49 

10 

24-94 

- -26 

- -08 


24-00 

Jobskop 



54 

68 

45 

44-69 

- -86 

- -02 


44-21 

Onderbrook .. 


•. 

58 

48 

28 

58-42 

-- -36 

+ -22 


58-28 

Umkolumbu.. 



52 

62 

60 

26-73 

- -36 

- -20 


26-17 

Biegarsberg.. 

Jobskop 


• • 

55 

54 

50 

76 

28 

14 

31-94 

44-68 

- -53 

- -63 

+ -23 
— -16 


31-64 

48-90 

Onderbrook .. 


•• 

58 

68 

21 

49'79 

- -58 

- -08 


49-18 


(14181) E 
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Table A— oonUnutd, 







Non- 

Oirouit 

Seconds 

Name of Station. 

52? 

Observed Angles. 



of 

Corrected 

Angles. 


King Wiluam's To-wi? to Newcastle— cowimttec?. 


• 




o 

f 

It 

// 

II 


n 

Noma Hill .. 




64 

86 

2712 

+1*26 



28*39 

Biggarsberg.. 




68 

28 


+1*25 

+ *23 



Jo^op 



M 

61 

66 

28*40 

+1*25 

- *25 


24*40 

Salt Lake •. 



67 

62 

18 

57*60 

— *24 



67*46 

Biggarsbci’g. • 



56 

85 

16 

6*31 

+ *03 



6*34 

Noma Bill .. 



5G 

42 

26 

60*41 

+ *08 



60*40 

Drakensberg.. 



.58 

80 

11 

28*85 




28*61 

Biggarsbei’g. • 



65 

46 

11 

9*08 

+ *05 



9*08 

Salt Lake .. 



67 

06 

87 

24*60 




24 *,54 

Noma Hill ,. 



fin 

28 

88 

43*88 

- *16 



43*72 

Biggarsberg.. 



66 

1.80 

26 

16*28 




16*31 

Drakensberg.. 



68 


66 

8*60 

+ *41 



3*01 

Salt Lake .. 



67 

147 

66 

22*29 





Noma Hill .. 



66 

1.3 

47 

16*68 

+ *24 




DrakeiisiMirg,. 



6K 

18 

16 

26*05 

- *86 




Inkwcio 



6» 

48 

6 

2‘1*18» 

- *1.3 

+ *17 



Salt Lake .. 



67 . 

40 

64 

20*61* 

- *13 

+ *16 



Drakensberg.. 



68 

82 

0 

10*18* 

- *12 

- *33 



Newcastle .. 



68a 

01 

10 

8*40 




8 *.30 

Drakensberg.. 



68 

48 

2 

67*68 




.57*62 




60 

40 

87 

65*80 




66*70 


Newcastle to Belfast. 





Q 

f 

H 

It 

It 


It 

Nthabanknlu.. 

• • 

60 

67 

10 

9-49 

+ *20 

— *28 


0*41 

Inkwelo 

V 

69 

66 

68 

11*01 

+ *20 

— -Ofi 


11*76 

Salt Lake , . 

a • 

67 

66 

61 

44*02 

+ *20 

+ *33 


44*66 

Langberg 1 ,. 

• t 

61 

70 

61 

88*87 

+ *.30 



80*17 

Inkwelo 

• « 

69 

57 

66 

68*77 

+ *23 



64*00 

Nthabankuln 

•• 

60 

61 

11 

81*84 

— *11 



31*23 

Hlamimpesi Berg .. 

• • 

62 

81 

86 

6*37 

+ *50 



6*87 

Langberg I. 

• • 

61 

116 

17 

1-48 

+ *67 



2*16 

Inkwelo 

• • 

69 

82 

6 

66*67 

+ *20 



66*87 

Nthabankoln.. 

• ■ 

60 

62 

82 

14*18 

+ *10 



14-28 

Hlamimpesi Berg .. 

$ • 

62 

72 

2 

25*64 

+ *51 



26*16 

Langberg L.. 

• m 

61 

46 

26 

22*61 

+ *87 



22*98 

Inkwelo .. 

• * 

60 

26 

40 

68*10 

+ *08 



68*13 

Nthabankoln 

i * ^ 

60 

118 

43 

46*47 

— *01 



1 46*46 

Hlamimpen Berg .. 

« • 

62 

40 

26 

20*27 

+ *01 



1 20*28 

Mandsberg IK. 

■ m 

68 

60 

1 

27*02 

— *60 



27*28 

Langberg!. . 


61 

08 

10 

42*67 

— *86 



42*21 

Hlamimpesi Berg .. 

• « 

62 

26 

47 

62*81 

+ *05 



62*86 

Blaauwkpp .. 

.. 

64 

22 

2 

49*64 

- *66 



48*99 

Handsberg III. 
Langberg I . 

• • 

• • 

68 

61 

116 

41 

5 

61 

16*62 

66*81 

+ *80 
+ *19 



16*92 

67*00 


* Mean of OoL Morria’s and Captain Gordon’s observed angles. 
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Table A—oontinued, 







Noii- 

Oirouit. 

i 

Seconds 

Name of Station. 

Number 

Observed Angles. 



of 

Ooireoted 

Angles. 


Nbwoabtlb to Bblbast— oontmued. 


Tafelk(^ (E) 
Elandsberg III. 
Blaauwkop .. 

Spitzkop I .. 
EUandfiberg'III. 
Tafelkop ^.. 

Hlainimpesi Berg 
EJaadabe^ III. 
Spitzkop 1. . • 

Sterkfontem.. 
Tafelkop (B).. 
Blaaawkop .. 

Baatfes Bolt.. 
Tafelkop (E).. 
Sterkf ontein .. 

Yltdcfontem .. 
Tafelkop (E.) 
Baatjes Bult.. 

^itzkop I. •, 
Tafelkop (E).. 
Ylakfontein .. 

Wonderfontem 
Baatjes Balt., 
Stei'kfontein.. 

Tafelkop ^D.K.) 
Vlakfontem .. 
Baatjes Bult.. 

Verloren Vlei 
Tafelkop (D.K.) 
Baatjes Bult.. 

Wonderfontein 
Verloren Vlei 
Baatjes Bult.. 

Fanplaats 
Verloren Vlei 
Wonderfontein 

Oroot Riet Vlei 
Verloren Vlei 
Ponplaats 

Verloren Vlei 
Belfast 

Oroot Biet Vlei 

Belfast 
Fanplaats 
Verloren Vlei 

Fanplaats .. 
Groot Riet Vlei 
Belfast 

(14181) 





0 

t 

It 

II 

11 


H 

• • 

» • 

66 

41 

82 

46-88 

— -07 



46-81 

V e 

• • 

63 

66 

22 

68-60 

+ -29 



68-79 

• • 

• • 

64 

78 

4 

26-77 

+ -07 



26-84 

• » 

« • 

66 

88 

30 

8-06 

— -48 



7-67 

• • 

• 9 

63 

46 

60 

26-73 

- -01 



26-72 


•• 

G6 

46 

89 

29-88 

- -09 



29-74 

► 


62 

46 

24 

1-49 

— -42 



1-07 

• , 


68 

72 

89 

56-23 

+ -11 



66-84 

•• 

•• 

66 

60 

66 

7-34 

— -12 



7-22 

.. 

• • 

67 

44 

84 

24-66 

+ -09 



24 - 64 * 


■ • 

66 

120 

68 

24-80 

+ -16 



24-96 

• • 

• • 

64 

14 

27 

12-97 

— -41 



12-66 


9 9 

60 

22 

3 

30-63 

+ -21 



30-74 

. • 

• . 

66 

42 

18 

47-09 

+ -24 



47-88 

•• 

•• 

67 

116 

42 

48-84 

+ -04 



48-88 


■ • 

68 

64 

64 

66-47 

+ -03 



66-60 

. , 

• • 

66 

32 

86 

7-68 

- -16 



7-48 

• 

. • 

69 

92 

28 

69-66 

- -09 



69-46 

• « 

• « 

66 

62 

60 

26-.82 

— *13 



26-17 

* , 

« • 

66 

76 

r>d 

26-32 

— - Oi ) 



25-28 

• 

• 9 

68 

40 

10 

14-36 

- -33 



14*08 


9 9 

72 

84 

26 

22-86 

+ -06 



^ 2*42 


9 9 

69 

90 

10 

32-82 

+ -26 



33-08 

• 

•• 

67 

66 

28 

8-87 

+ -81 



8-68 


.. 

70 

26 

16 

0-81 

+ -19 



1-00 

• • 

a . 

68 

91 

15 

7-09 

— - 0.1 



7-94 

• • 

• • 

69 

62 

29 

65-66 

- -01 



65-66 

• • 

• • 

71 

•46 

49 

61-80 

— -10 



61-20 

• • 

• • 

70 

74 

42 

6-90 

- -23 



6-74 

9 m 

• a 

69 

68 

28 

16-12 

- -17 



16-06 

m 9 

• • 

72 

116 

67 

48-68 

— -73 



47-90 

« a 

, , 

71 

29 

48 

88-98 

- -88 



33-10 

m a 

a • 

69 

84 

18 

46-87 

- -66 



46-22 

m a 

• • 

78 

97 

89 

10-91 

— -23 

- -89 


10-29 

• • 

• # 

71 

20 

8 

29-94 

— -28 

+ 1*10 


80-81 

• • 

• • 

72 

62 

12 

22-26 

- -28 

- -71 


21-82 

• « 

• • 

79 

109 

8 

41-82 

- -63 



41-29 

• m 

a a 

71 

25 

16 

15-68 

- -47 



16-21 

« • 

•• 

73 

46 

86 

6-49 

+ *04 



6-68 

.. 

■ • 

71 

GO 

44 

14-42 

— -69 



18-78 

■ « 

• • 

74 

68 

62 

88-87 

— -46 



88-42 

• a 

9 9 

79 

65 

28 

16-66 

- -19 



16-37 

.. 

9 9 

74 

86 

23 

38-61 

+ -48 



39-04 



73 

58 

8 

26-47 

+ -07 



25-54 

•• 

■ • 

71 

36 

27 

68-74 

— -28 



58-61 


.. 

78 

108 

43 

80-96 

-H -11 



81-07 


, . 

79 

48 

45 

26-26 

- -34 



24-91 

• • 

•• 

74 

82 

31 

4-74 

+ -88 



6-62 


E 2 
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Table A-continued. 








Seconds 

Name of Station. 

Nnmber 

Observed Angles. 

Figural. 

Circuit 

Non- 

Oircuit. 

of 

Oorreoted 






Angles. 


Nbwoastubi to Belfast— contirmed. 


LaogeMoof .. 
Belfast 

GrootBietYlei 

Langekloof 
Paaplaata 
Verloren. Vlei 

Laiigeildoof .. 
Verbren Vlei 
Belfast 

Mar^s Kop ,. 
Belfast 

Verbren Vbi.. 

Verloren Vlei 
Mark’s Eop .. 
langekloof .. 

Belfast 

Langekloof .. 
Mare’s Eop .. 

Groot Biet Vlei 
Langekloof .. 
Verloren Vlei 


Langekloof .. 
Fanplaats .. 
Belfast 


Groot Biol Vlei 
Langekloof .. 
Fanplaats .. 

North end Belfast Base 
Mai'd’s Eop .. 
Langekloof .. 

South end Belfast Base 
Mard’s Eop .. 
Langekloof .. 


Lannkloof .. 

Nortn end Belfast Base 
Sooth end Belfast Base 


Mar^sEctp .. 

North end Belfast Base 
South end Belfast Base 


Bbenosterkm 1. 
Groot Bbt vlei 
Fanplaals 

Paardekop I... 

Groot Biet Vlei 
Bhenosterkop I. . 

Verbren Vlei 
Groot Biet Vbi 
Paardekop I... 




0 

1 

it 

it 



it 

• • 

76 

163 

18 

27-09 

- -09 



27*00 

, . 

74 

18 

49 

38-92 

+ -88 



84-80 

« * 

79 

7 

66 

89-41 

- -29 



59*12 

■ » 

76 

128 

42 

23-66 

+ -76 



24-31 

• • 

78 

83 

23 

44-68 

- -21 



44-32 

• I 

71 

22 

63 

58-16 

- -17 



52-98 


76 

132 

22 

67-81 

-1-19 



66-12 

• » 

71 

12 

84 

6-69 

- -06 



5-68 

•- 

74 

85 

2 

59-96 

- -83 



69-12 

• • 

76 

118 

61 

27-86 

- -06 



27-81 

• • 

74 

86 

42 

61-26 

- -02 



61-28 

• • 

71 

25 

26 

42-81 

- -05 



42-76 

.. 

71 

87 

69 

48-40 

- -11 



48-29 


76 

83 

85 

0-72 

- -06 



0*6C 

« a 

76 

58 

25 

18-12 

- -62 



12-50 

n • 

71 

70 

46 

61-20 

- -83 



60-85 

• a 

76 

78 

67 

44-19 

- -67 

1 


48-62 

• • 

76 

86 

16 

26-64 

+ -01 



26-66 

• • 

70 

57 

26 

17-16 

+ -10 



17-26 

• ■ 

76 

74 

28 

86-60 

+ 1*28 



86-88 

• • 

71 

48 

10 

8-88 

- -64 



8-19 

• ft 

76 

103 

54 

89-14 

+ -44 



89-68 

ft ft 

73 

24 

44 

40-94 

+ *28 



41-22 

•• 

74 

51 

20 

88-66 

+1-26 



39-92 

ft ft 

79 

61 

42 

24-66 

- -68 



24-03 

ft ft 

76 

49 

18 

47-96 

- -68 



47-48 

ft ft 

73 

78 

68 

60-02 

- -17 



49-86 


78 

86 

44 

86-60 

•- -18 



86-82 

,. 

76 

49 

28 

27-20 

- -85 



26-86 

• • 

76 

43 

46 

67-88 

+ -55 


i 

58-88 

ft ft 

77 

101 

14 

44-07 

- -46 



48-61 

ft ft 

76 

29 

86 

69-09 

+ -89 



59-48 

•• 

76 

49 

8 

17-78 

— -42 



17-81 


75 

92 

66 

16-66 

+ -18 



16-69 

• • 

78 

82 

86 

40-48 

- -48 



40-06 

ft ft 

77 

64 

29 

4-48 

+ -18 



4-66 

ft ft 

76 

79 

6 

26-29 

+ -04 



26-88 

ft • 

78 

64 

8 

56-02 

+ -26 



65-27 

4 

77 

46 

45 

89-69 

- -64 



88-96 


81 

16 

87 

44-97 

+ -94 



46-91 

• • 

79 

84 

27 

48-86 

+ -34 



43-69 

ft ft 

73 

79 

54 

84-71 

+ -84 



86-06 


80 

62 

42 

26-11 

«- -08 



26-08 

ft ft 

79 

100 

89 

66-72 

— -16 



65-56 

ft ft 

81 

26 

87 

48-29 

- -47 



47-82 


71 

66 

18 

82-81 

+ -41 



88-22 

ft ft 

79 

66 

48 

89-12 

+ -86 



89-47 

ft ft 

80 

48 

2 

61-18 

+ -20 



61-88 
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Tfible A— Boatiwued. 


Name of Station. 

Number. 

Observed Angles. 

Figural. 

Oirouit 

Non- 

Oirouit.- 

Seconds 

of 

Oorreoted 

Angles. 

Belfast to Ootobhoop. 





0 

/ 

n 

V 

n 


n 

Qna^gafontein 

• ■ 

ft ft 

82 

90 

62 

4*80 

- -29 

-00 


4-61 

FaardekopL.. 

m ■ 

• • 

80 

55 

5 

87-01 

- -28 

+ -80 


37-68 

Bhenosterkop L 

p t 

■ • 

81 

84 

2 

81-00 

- -28 

- -80 


29-92 

Zwartkloof .. 

-« 

ft ft 

83 

44 

18 

49-80 

- -18 

—1-21 


48-60 

Qaaj^gfafontein 

• • 

ft ft 

82 

71 

1 

1-83 

- -17 

+ *88 


2-04 

Bhenosterkop I. 

p • 

• * 

81 

C4 

45 

80-80 

- -18 

+ *88 


80-96 

Oable Hill .. 

«• 

ft ft 

84 

82 

7 

56-17 

+ -04 

- -88 


54-88 

Zwartkloof .. 


« 9 

83 

43 

56 

58-29 

+ -04 

— -26 


.'38-07 

Bhenosterkop I. 

•• 

■ • 

81 

58 

56 

29-60 

+ -04 

+ -69 


00-29 

Boshofaberg.. 

• P 

ft ft 

83 

58 

50 

41-11 

+ -14 

- -68 


40-67 

Zwartikloof .. 

ft ft 

ft P 

88 

91 

10 

48-48 

+ .13 

+ -08 


43-59 

Oable mi .. 

ft ft 

• • 

84 

29 

68 

47-68 

+ -18 

+ -65 


48-26 

Nooiteedaoht I. 

• • 

ft ft 

86 

68 

28 

49-05 

- -29 

—. *44 


48-32 

Bosh(^sberg.. 

ft ft 

ft V 

85 

85 

17 

53-18 

- -29 

- -18 


62-76 

Oable Hill .. 

ft ft 

• » 

84 

76 

18 

86-81 

- -29 

+ -67 


36-59 

Filandsberg .. 

ft p 

ft ft 

87 

89 

58 

24-20 

-00 

- -26 


23-94 

Boabofaberg.. 

ft • 

ft ft 

85 

52 

50 

22-08 

+ -01 

+ -47 


22-51 

Nooitgedaoht 1. 

ft ft 

ft ft 

86 

87 

11 

29-16 

+ -01 

- -21 


. 28-96 

Tafelkop 

ft ft 

ft ft 

88 

61 

47 

11-26 

- -24 

- -23 


10-78 

Rlondsberg .. 

ft ft 

ft ft 

87 

58 

18 

86-51 

- -24 

- -06 


34-02 

Nooitgedaoht I. 

• • 

ft ft 

86 

64 

54 

80-09 

— -24 

+ -88 


81-33 

Eaalkop 


ft ft 

89 

140 

1 

58-96 

+ -10 



64-06 

Filandsberg .. 

., 

ft • 

87 

16 

42 

44-47 

+ '42 



44-89 

Tafelkop ~ .. 

t ■ 

■ • 

88 

23 

15 

24-95 

- -11 



24-84 

Onverwaoht • # 

ft ft 

ft ft 

90 

45 

42 

40-12 

+ *08 



40-20 

Eaalkop 

ft ft 

ft ft 

89 

78 

8 

8-88 

+ -07 



3-45 

Tafelkop 

ft ft 

ft ft 

88 

56 

14 

20-99 

+ -24 



21-28 

Bnzelbei^ •. 

ft ft 

, , 

91 

64 

22 

52-29 

- -18 



62-16 

Eaalkop 

ft ft 

• • 

89 

82 

8 

28-07 

- -19 



22-88 

Onverwaoht .. 

ft ft 

• • 

90 

88 

28 

48-48 

— -07 



48-86 

Filandsberg .. 

ft p 

a a 

87 

83 

41 

89-56 

- -01 



89-56 

ElaaJkop 

ft P 

• • 

89 

109 

46 

89-59 

+ -02 



89-61 

Enzelberg .. 

p ft 

• • 

91 

SG 

81 

47-70 

+ -26 



47-96 

Witkop L 

ft ft 

, , 

92 

40 

88 

48-55 

+ -46 



49-00 

EnzelbWg . • 

ft ft 

• • 

91 

88 

16 

68-46 

- -29 



68*16 

Onverwaoht • • 

ft ft 

•• 

90 

106 

4 

14-88 

+ -14 



14-47 

Vergenoeg .. 

ft ft 


93 

55 

27 

88-11 

+ '16 



88-27 

Onverwaoht • • 

ft • 

ft ft 

90 

44 

80 

17-41 

+ -01 



17-42 

Witkop L .. 

ft ft 

•• 

92 

80 

2 

6-30 

+ -21 



5-61 

Enzelberg . • 

• • 

• 9 

91 

26 

17 

2-22 

+ -28 



2-46 

Witkop L -. 

« • 

• • 

92 

89 

28 

16-76 

- -24 



16-51 

Vergenoeg .. 

ft ft 

• 9 

93 

114 

19 

42-54 

- -16 



42-89 

Overwacht .. 

.. 


90 

61 

33 

56-92 

+ -13 



67-06 

Vergenoeg .. 

ft ft 

• • 

98 

58 

52 

4-48 

- -81 



4-12 

Enzelberg . • 

ft ft 

• • 

91 

69 

84 

0-67 

— -06 



0-61 

South end Ottoahoop Baao .. 

95 

60 

1 

8-95 

+ -28 



9-23 

Vergenoeg .. 

• • 


93 

17 

29 

48-09 

— -34 



42-75 

WiS>L .. 

■« 

• t 

92 

112- 

19 

8-78 

- -88 



8-40 

(14181) 





1 

; 8 
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Namo of Station. J I ObBorved AngloB. Mgural. Oircnit. 


Non- 

Oiroiiit. 


Seoonds 

of 

Corrected 

Angles. 


Bklpast to Ottoshoop— conJmued. 


KorHi end Ottoshoq) Base.. 

Witbop I.. 

South end Ottosboc^ Base . 


South end Ottoshoop Base.. 
North end Ottoshoop Base.. 

Witkop I.. 

North end Ottoshoop Base.. 
Vergenoeg;. 


2(i 27 28*32 + '20 

78 49 ‘19*7(5 + *37 

74 42 40*84 *80 

40 30 31*82 - *00 

24 41 81*89 + *f)7 

114 41 57*74 - *38 

33 39 19*02 - *73 

88 14 29*42 - *58 

58 0 14*41 -1*03 


Johann KSliUliG to Kboonbtad. 


Observatory Ilill (.Tohannoa 
bnrg) 

Nooltwdacht 1. .. 

Oablolim. 

e 

BUjvoorultzioht 
Nooitgedaoht I. 


Faaidekop II. 
Blijvooniltoioht 
Observatory EBll 
. bnrg) 

Witkop IL .. 
Faardekop II. 
Blijvoomltzioht 

Elandskop L .. 


Faardekop II. 

Yliegenkraal.. 
Witkop IL .. 

BlandakopL.. 
* ' 

^itzkop II.,. 
vliegeiinaal.. 
BlandskopL.. 


Liebenberg Btroom .. 
VliegehktM.. 
Spitzkop IL.. 

Blandskop II. 
Liebeubeng Stroom.. 
Spitzkop u... 

Kaffir .. 
liebenberg Stroom .. 
Blandskop n. 

Bietfontein .. 
liebenberg Stroom., 
Kaffir Kop .. 



u 

/ 

fl 

// 

fi 

90 

no 

20 

10*87 

+ ’ It ) 

- *14 

80 

49 

30 

. 35*11 

+ *20 

+ *20 

84 

03 

57 

15*87 

■f *20 

- *00 

m 

50 

09 

5 

8 

29*05 

. 50*03 

- *32 

- *33 

- *08 
•f *24 

90 

54 

45 

45*29 

- *88 

- *10 

98 

05 

44 

0*08 

■f *20 

+ -01 

97 

29 

48 

48*52 

+ *21 

- *12 

90 

84 

82 

11*05 

•f *20 

+ -n 

. 91 ) 

79 

21 

27*12 

+ *16 

- *03 

98 

81 

14 

.‘ 57*60 

+ *16 

- *17 

97 

09 

24 

2*98 

+ * 15 

+ -20 

. 100 

68 

57 

56*.58 

+ *07 

+ *04 

99 

01 

43 

24*20 

+ *08 

- *48 

. 98 

54 

18 

51*84 

+ *08 

+ *89 

. 101 

69 

80 

63*81 

+ *36 

- *38 

. 90 

77 

29 

29*82 

+ *34 

- *07 

100 

82 

69 

42*75 

+ *84 

+ -45 

• 102 

68 

42 

84*08 

+ *11 

+ *20 

101 

19 

14 

10*81 

+ *10 

- *61 

. 100 

92 

8 

18*87 

+ *10 

•f * 31 . 

. 103 

87 

24 

89*98 

- *00 


. 101 

25 

59 

66*77 

- *26 


. 102 

66 

36 

30*89 

- *12 


.. in 

61 

55 

66*92 

+ *16 


.. 108 

46 

17 

26*08 

+ *28 


.. 102 

71 

46 

89*78 

+ *11 


.. 112 

88 

4 

27*71 

- *02 


.. 108 

62 

86 

46*02 

+ *06 


.. Ill 

79 

19 

61*12 

- *09 


.. no 

95 

27 

80*76 

- *26 


.. 108 

46 

5 

48*98 

- *10 


.. 112 

88 

26 

49*86 

- *31 
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Table A —oontinneiL 


Name of Station. 

Number, 

Ubservod Angles. 


■ 

Non- 

Oii-oiUb. 

SocoiuIh 

of 

Oorrocbod 

Anglos. 

JOHAJ^NESBTJJaG 

TO 

K!boonstad— coMvnued. 


Doornkop. 

Liebenberg Stroom.. 
Bietfoutein. 

104 

103 

110 

o 

64 

05 

59 

t 

58 

49 

12 

II 

38-09 

7-91 

18-10 

tt 

— -49 

— *09 

— -30 



It 

37-60 

7-82 

17-80 

Vleigenkraal. 

Liebenberg Stroom.. 
Doomkop. 

101 

103 

104 

32 

61 

06 

16 

47 

56 

26-52 

17-18 

20-82 

+ -44 
H- -46 
+ -05 



20-06 

17-58 

20-87 

Boschrand .. 

Doornkop. 

Rietfonteiii. 

106 

104 

no 

59 

1)1 

28 

29 
59 

30 

56-84 

59-12 

5-04 

+ -26 
+ -73 
+ -32 



57-10 

59-8S 

5-36 

Bhenoetei'kop II. 

Boschrand. 

Doornkop. 

105 

106 
104 

39 

55 

85 

24 

(> 

29 

25-83 

7-05 

29-23 

— -51 
+ -26 

— -18 



25-29 

7-31 

29*05 

Vliegenkraol. 

Doornkop. 

Bhenosterkop II. 

101 

104 

105 

25 

31 

122 

46 

35 

37 

4:M5 

32-74 

46-11 

+ -12 
— -11 
+ -16 



43-27 

32*63 

46*27 

Braunzijn Kop 

Rhenosterkop II. 

Boachrand. 

107 

105 

106 

35 

26 

118 

20 

10 

29 

1-59 

15-15 

45-96 

- -27 

— -10 
— -22 



1-32 

15*05 

■15*74 

East end Eroonstad Bafle .. 

Rhenosterkop IT. 

Doomkop. 

100 

105 

101 

101 

28 

49 

45 

55 

19 

20-19 

20-28 

20-49 

+ -12 
- -37 
+ -09 



20*31 

19*91 

20*58 

East end Eroonstod Base .. 

Doornkop. 

Boschrand. 

lOD 

104 

106 

105 

36 

37 

59 

10 

50 

9-08 

8-74 

41-73 

+ -79 
- -27 
+ -41 



9*87 

8*47 

42*14 

East end Kroonstad Base .. 
Boschrand .. 

Biauuzi jn Bop 

109 

106 

107 

29 

135 

14 

35 

45 

39 

10- 64 

11- 28 
89-38 

— -40 

- -37 
+ -12 



10*24 

10*91 

39*60 

East end Eroonstad Base .. 
Boschrand .. 

West end Eroonstad Base .. 

109 

106 

108 

88 

69 

86 

7 

57 

56 

45-12 

11-48 

5-32 

— -86 
- -81 
- -01 



44*26 

11*12 

5*31 

East end Eroonstad 

Braxinsdjn Kop 

West end Eroonstad Base,. 

100 

107 

108 

58 

81 

95 

82 

22 

4 

84-48 

39-48 

48-52 

— -46 

— -89 

— -09 



34*02 

39*09 

48*43 

East end Eroonstad Base .. 
West end Kroonstad Base 
Doomkop. 

109 

108 

104 

170 

3 

5 

63 

49 

17 

5- 80 

6- 23 
47-72 

+ -07 
- -08 
H“ *38 



6*87 

0*15 

48*10 

East end Eroonstad Base .. 
Braunzijn Kop 

EUienoaterkop 11. ,. 

109 

107 

105 

122 

20 

30 

40 

40 

39 

20-09 

22-21 

20-70 

- -51 

- -39 

- *27 



19*58 

21*82 

20*43 

East end Ejroonstad Base .. 

Boschrand. 

Rhenosterkop II. 

109 

106 

106 

162 

17 

10 

15 

15 

29 

30-73 

25-32 

5-56 

- -91 

- -15 

- -17 



29*82 

26*17 

5*38 

East end Eroonstad Base • * 
West end Kroonstad Base , . 
Rhenosterkop II. 

109 

108 

105 

69 

60 

50 

7 

82 

19 

45-61 

36-54 

39-66 

— -05 

— -27 

— -43 



45*56 

36*27 

39*23 

West end Kroonstad Base. , 
Rhenosta'kop IL .. 
Doomkop. 

108 

105 

104 

66 

79 

44 

43 

14 

1 

30-31 

59-94 

32-77 

- -19 

— -80 
— -29 



30*12 

59*14 

32*48 

( 14181 ) 



E4 
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Table A— eontimied. 


Name of Station. 


Observed Angles. 



Non- 

Oircnit, 

Seconds 

of 

Corrected 


1 





Angles. 


JoHANunssBUBa TO Kboonstad— Continued.. 




Of It 

It 



ft 

West end Eroonstad Base .. 

108 

40 44 11*55 

- -00 



11*46 

Doornkop .. 

104 

41 27 56*46 

+ *11 



56*67 

Boadixand. 

106 

07 47 58*16 

+ *10 



68*26 

West end Eroonstad Base . 

108 

58 9 48*20 

- *08 



48-12 

Bosohraad. 

100 

75 47 50*85 

~ *06 



59*79 

Brannfldjn Eop 

107 

46 2 18*86 

- *27 



18*59 

West end. Kroonstad Bose.. 

108 

155 87 25*06 

- *86 


! 

24*70 

Bhenosterkop II. 

105 

18.40 18*96 

- *16 



18*80 

Brsnnrajn Slop 

107 

10 42 17*27 

*00 



17*27 

West end Eroonstad Base.. 

108 

1 

97 27 41*86 

- *28 



41*58 

Bhenosterkop IL .. 

105 

89 50 34*11 

- *26 



88*85 

Bosohiaud. 

106 

42 41 46*11 

- *16 



45*95 


BIboonstad to Wbipbinbe. 






0 

1 

II 

11 

n 


II 

Mijohardt’s Bnst 



118 

58 

62 

50*77 

+ *24 

+ *82 


51*88 

Rietfontein .. 

« • 



98 

18 

81*79 

+ *24 

+ -14 


82*17 

EafBr Eop .. 

• « 


112 

27 

48 

89-80 

+ *24 

— *46 


89*08 

Zwartkrans .. 

« 


114 

46 

10 

87-57 

- -02 

+ *85 


87*90 

Mijnhardife Bnst 

• • 


118 

88 

44 

18*91 

— -02 

- *86 


18-58 

EafBr Eop .. 

• 


112 

96 

5 

9*48 

- *02 

+ *01 


9*42 

Bhebokberg.. 



115 

54 

48 

48*26 

+ *86 

+ *19 


48-81 

Mijnhardifs Bust 

• • 


118 

51 

6 

87*71 

+ *36 

- *15 


87*92 

Zwartkrans .. 



114 

74 

4 

49*75 

+ *87 

- *04 


50*08 

Madbaohe .. 



IIG 

45 

87 

6*11 

+ *08 

+ *88 


6*67 

Bhebokberg 



116 

85 

46 

4*82 

+ -08 

- -27 


4*63 

Zwartkrans .. 


• • 

114 

48 

87 

1-07 

+ -09 

- -11 


1*05 

Mabnla 



117 

74 

34 

4*84 

+ -01 

- -12 


4*23 

Bhebokberg 

« 1 


115 

55 

56 

67*16 

+ *02 

- -21 


66-97 

Maohaohe , . 

• • 

• • 

116 

49 

29 

6*88 

+ *02 

+ *88 


7-28 

Thaba Fatsua 

« * 

V » 

118 

62 

28 

88*14 

- *24 



37-90 

Mabnla 

• • 

« • 

117 

82 

18 

82*62 

+ *20 



82-82 

Maohaohe .. 

• • 

• 

116 

96 

17 

55*88 

- *15 



56-68 

Thaba Tsnen. . 

• • 

* • 

119 

88 

16 

6*52 

- *61 



6-01 

Maohaohe .. 

• » 


116 

46 

26 

84*59 

+ *08 



84-67 

Thaba Putsna 

• • 


118 

96 

17 

25*80 

- *02 



25*28 

Mabnla 

• • 

a • 

117 

87 

89 

5*54 

- *43 




Thaba Pntsna 

« • 


118 

48 

58 

47*16 

+ *22 



W XX 

47-88 

Thaba Tsnen 

• • 


119 

98 

27 

14*64 

1 - *69 



oo 

18*95 

Maohaohe .. 

• • 

• • 

116 

49 

61 

21*24 

- *28 



21*01 

Thaba Tsnen. . 

• • 


119 

60 

11 

9*12 

- *18 



vX 

8-Q4. 

Mabnla 



117 

69 

67 

88*16 

- *28 



87*98 

Jammersberg 



120 

75 

19 

49*28 

- *68 



46*75 

Mabnla 


* * 

117 

47 

48 

6*69 

+ *01 



6 *70 

Thaba Tsnen. . 


1 i 

119 

56 

67 

9*16 

+ *18 



u # u 

9*29 
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Table A— contimied. 


Nnme of Station. 

1 

Olwerved Angles. 



Non- 

Oirouit, 

Seconds 

of 

Corrected 


!Z5 





Angle. 


BIkoonbtad to WfiPENflH— Continued. 




0 

t 

FI 

// 



H 

Qobo Qobo. 

121 

08 

ID 

51-05 

+ -28 



61-28 

Jammersberg 

120 

65 

0 

50-30 

+ -80 



50-60 

^Chaba Tsneu 

119 

46 

89 

21-25 

- -07 



21-18 

Aasvoe:el Berg 

127 

42 

21 

59-87 

+ -58 



59-90 

Mabula . 

117 

66 

25 

82-01 

+ -17 



82-18 

Thaba Patsua 

118 

71 

12 

47-08 

+ -21 



47*29 

Jammersberg; 

120 

147 

42 

0-64 

+ -07 



0-71 

Mabula 

117 

18 

66 

40-22 

- -59 



39-68 

Aasvogel Berg* 

127 

13 

21 

23-88 




28-88 

Gobo Gobo . 

124 

165 

38 

41-98 

+ -90 



42-92 

Jaminersberg 

120 

7 

21 

21-06 

+ -30 



21-80 

Aasvogel Berg 

127 

6 

59 

50-31 

+ -10 



50-41 

Eoesberg. 

ISO 

102 

28 

84-74 

- -38 



84-86 

Jammer^rg 

120 

8 

15 

1-49 

+ -41 



1-90 

Aasvogel Berg 

127 

69 

16 

25-29 

- -04 



25-25 

Gobo Gobo . 

124 

10 

80 

52-91 

+ -33 



58-24 

Eoesberg. 

126 

87 

12 

45-90 

+ -01 



45-01 

Aasvogel Berg 

127 

76 

16 

21-60 

+ -06 



21-66 

Dikhoele . 

121 

117 

16 

2-99 

- -16 



2-84 

Jamiuersberg 

120 

22 

48 

52-16 

+ -16 



52-32 

Thaba ^ueu. 

119 

39 

55 

5-98 

+ -12} 



(j-or> 

Bikboele. 

121 

8 

87 

32-01 

+ -30 



32-.81 

North end Wepener Base .. 

122 

59 

2 

88-04 

- -04 



38-00 

Jammeraberg 

120 

112 

19 

50-17 

- -12 



50-05 

Dikhoele . 

121 

42 

16 

81-90 

+ -15 



32*05 

North end Wepener Base ,. 

122 

48 

43 

21-54 

+ -10 



21-64 

South end Wepener Base .. 

128 

94 

0 

0-64 

1 

+ -89 



7-53 

Dikhoele. 

121 

28 

57 

41-78 

+ -28 



42*06 

Gk>bo Gobo. 

124 

76 

46 

11-05 

+ -44 



12-09 

South end Wepener Base , • 

128 

79 

16 

6-12 

+ -25 



6-87 

Dikhoele . 

121 

167 

52 

11-82 

- -58 



10-74 

Thaba Tsueu. 

119 

6 

44 

15-82 

- -19 



15-13 

Gk>bo Gobo. 

124 

5 

23 

84-75 

- -41 



84-84 

Dikhoele .. 

121 

74 

51 

46-69 

-f -78 



46-42 

Jammeraberg 

120 

42 

11 

58-14 

+ -14 



58-28 

Gobo Gobo . 

124 

62 

56 

10-80 

+ -04 



16-94 

Dikhoele .. 

121 

50 

54 

8-91 

+ -45 



4-86 

Jammersb^ 

120 

47 

88 

59-87 

~ -08 



59-79 

Sooth end Wepener Base .. 

123 

81 

26 

57-09 

+ -07 



57-16 

Dikhoele . 

121 

66 

14 

18-08 

+ -48 



14-11 

North end Wepener Base .. 

122 

41 

42 

17-28 

+ -22 



17-50 

Gobo Gobo .. 

124 

72 

8 

80-07 

-00 



80-07 

South end Wepener Base .. 

128 

160 

48 

8-21 

+ -82 



8-58 

Jammeraberg 

120 

6 

27 

1-78 

— -22 



1*61 

Gobo Gobo . 

124 

18 

49 

55-85 

- -20 



56-16 

North end Wepener Base .. 

122 

2 

1 

4-26 

— -12 



4-14 

Gobo Gobo . 

124 

4 

42 

41-58 

+ -44 



42-02 

South end Wepener Base .. 

128 

178 

16 

12-76 

+1-14 



18-90 


• Derived, not observed, 
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Table A— confimed. 








Secjonds 

Name of Station. 

Number. 

Observed Angles. 



Non- 

Oirouit. 

of 

Oorrected 

Angles. 


Kkoonstad to Wepenjer— contiivued. 






0 

/ 

n 

// 



n 

Jammeraberg 

• 9 


120 

64 

40 

60-80 




50-26 

South end Wepener Base 


123 

12 

88 

9-56 




10-87 

North end Wepener Base 


122 

102 

46 

69-68 




59-64 

CktboGobo .. 

• • 


124 

9 

7 

18-77 

- -64 



18-13 

North end Wepener Base 


122 

100 

44 

65-82 

+ -18 



56-50 

Jammeraberg 

• • 


120 

70 

7 

52-08 

- -26 



61-77 

Eoeaberg 

r * 


126 

15 

16 

48-84 

- -89 



48-46 

Jammeraberg 

m * 


120 

15 

86 

22-65 

+ -71 



28'26 

Gk)bo Gk)bo .. 

a a 


124 

149 

7 

49-02 

+ '66 



49-08 

rjemoenfontein 

t • 


125 

23 

23 

60-62 

+ -39 



60-91 

Gk)bo Gbbo .. 

■ e 


124 

94 

85 

6-92 

+ -61 



6-53 

Koesberg .. 

■« 


126 

62 

1 

8-64 

+ -06 



8-70 

Jammeraberg 

• • 


120 

99 

45 

20-18 

+ -61 



20-74 

Gktbo Gobo .. 

• 


124 

54 

82 

48-10 

+ -06 



43-16 

Lemoenfontein 

m m 


125 

25 

42 

1-07 

- -06 



1-01 

Jammeraberg 



120 

84 

8 

67-58 

- -10 



67-48 

Eoeaberg .. 

• 9 


126 

46 

45 

19-80 

+ -46 




Lemoenfontein 

•• 


125 

49 

5 

61-59 

+ -83 



61-92 


Wepbotib to Gala. 






0 

f 

rt 

ft 

n 


// 

Nthodimonate 

• ft 


128 

88 

18 

38-46 


- -25 


88-22 

Aaayo^l Berg 

ft ft 


127 

64 

45 

7-19 

+ -01 

+ 1-38 


8-58 

Thaba Futsua 

• ft 


118 

42 

1 

29-63 


-1'18 


28-52 

Helyelyn 



129 

88 

18 

80'41 

+ -16 

+ -64 


81-20 

Aasvo^ Berg 

,, 


127 

46 

86 

68-91 

+ -14 

+ -88 


59-43 

Nthodnnonate 

•• 

ft ft 

128 

45 

5 

86-76 

+ -14 



86-88 

Bendearg , • 


ft • 

180 

88 

82 

14-30 

+ -28 

+ -18 


14-76 

Helvelyn 

ft ft 

ft ft 

129 

61 

2 

20-13 

+ -29 

+ -13 


20-66 

Nthodimonate 

ft ft 


128 

80 

25 

83-97 

+ -28 

- -31 


83-94 

‘Wasohbank Peak 

ft ft 

ft ft 

131 

87 

42 

64-37 

- -15 

+ -48 


64-65 

Helvelyn 

ft ft 

ft a 

129 

40 

38 

18-01 

- -14 

+ -78 


18-60 

Bendearg 

ft ft 

ft ft 

180 

61 

88 

66-61 

- -14 

-1'16 


66-81 

Enka«• • • 

ft ft 


10 

80 

69 

65-78 

+ -87 



66-08 

Wasohbank Fei^ 

ft ft 


181 

22 

68 

25-16 

+ -87 

+ -10 


26-62 

Bendearg .. 



180 

76 

1 

40-70 

+ -86 

- -08 


41-03 

Lnbisi 

ft ft 


8 

46 

6 

13-66 

4" - 25 

- -08 


18-87 

Wascbbank Peak 

ft ■ 


131 

80 

49 

27-12 

+ -24 

+ -41 


27-77 

2]nka ■ * • 

ft ft 

• • 

10 

68 

4 

26-02 

+ -24 

- -88 


25-88 


Hopetown to Wbpbnbe. 


Orange fiiver 

184 

0 1 II 

61 88 42-76 

M 

+ -18 

II 

- -24 


II 

42-70 

Besterskop. 

183 

68 48 18-08 

+ -18 

- -48 


12-78 

Blondsberg II. 

182 

64 88 7-92 

+ -]9 

+ -71 


8-82 

Wonderkloof 

186 

46 7 89-86 

+ -10 

+ -02 


89-48 

Besterskop. 

188 

86 88 50-14 

+ -11 

- -88 


49-87 

Orange .Biver 

184 

47 IS 84-66 

+ -10 

+ -86 


86-11 
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Table A— continued^ 


s. 


Name of Stafciou. 

1 

Observed Angles. 

Figural. 

Uircail. 

Non- 

Oircuii. 


!2i 






Seconds 

of 

Oorrected 

Angles. 


Hopbtown to Whpbnbb— continued. 






o 

F 

FF 

FF 

Ft 


Ft 

Bosohjes Pan 



186 

89 

2 

46*06 

— -27 

+ -33 


46-11 

Wonderkloof 


• • 


83 

4 

12*09 

- -28 

- -04 


11-17 

Orange Biver 


« • 

184 


63 

0*58 

- -28 

+ *31 


C-Gl 

Platkc^ 


• ■ 

137 

68 

20 

41-70 


+ -86 


42-18 

Wonderkloof 


a ■ 

186 

61 

42 

.63-26 

+ -07 

- -68 


62-04 

Bosohjes Pan 


m » 

13G 

74 

66 

80-61 


4* -82 


30-89 

Lniper's Bond 



140 

88 

67 

60-96 

+ -02 

+ -08 


61-01 

Wonderkloof 



Whsm 

40 

10 

0-01 


— -OR 


6-96 

Platkop 



■IjM 

66 

62 

7-68 

+ -01 

+ -05 


7-74 

Fauresmitb Hill 




86 

28 

12-68 

+ -20 

V 


12-78 

Luiper's JEUud 


• « 

iun 

63 

4 

33-49 

+ -31 



.33-80 

Platkop 


• • 

137 

^11 

27 

14-89 

+ -19 



16-38 

LoksLoek .. 


• • 

180 

29 

81 

49-38 

+ -21 



49-59 

Fanresmith Hill 


■ ■ 

138 

126 

40 

16-10 

- -18 



14-97 

Platkop 



187 

24 

41 

67-24 

- -17 



67-07 

Drie Baden .. 



141 

31 

49 

37-92 

+ -38 



88-26 

Fanresmith Hill 


■ • 

188 

100 

17 

21-17 

+ -26 



21-43 

Lokshoek .. 


• a 

189 

47 

68 


+ -09 



2-68 

Lniper’s Band 



UO 

87 

36 

4G-99 

- -15 



46-8-1 

Fanresmith Hill 


• • 

138 

48 

28 

11-16 

- -83 



10-82 

Drie Baden .. 


• a 

141 

48 

66 

4-3o 

- -20 



4-09 

De Pat 


• • 

142 

48 

27 

18-22 

- -15 

+ -08 


18-16 

Drie Baden .. 



141 

84 

30 

20-92 

- -16 

+ -24 


21-01 

Lokshoek .. 


• « 

139 

52 

2 

28-06 

- -14 

- •!)2 


27-60 

Lemoenfontoin 


• • 1 

126 

66 

68 

31-16 

- -01 

- -63 


80-01 



• • 

142 

71 

22 

14-67 

- -01 

4* -24 


14-00 

Lokshoek .. 


• • 

189 

61 

44 

26-24 


4- -29 


26-62 

Eoesberg ,. 


ft 

• • 1 

126 

42 

67 

81-68 

+ -09 



81-68 




142 

69 

28 

7-70 

+ -09 



‘ 8-66 

Lemoenfontein 


• • 

126 

77 

84 

88-92 

+ -09 

- -87 


38-14 


HoPBTOWN to KmBBSBLBY. 


Loskop L . 

Eland^rg II. 

148 

0 

72 

f 

6 

Ft 

69-00 


n 

-84 


II 

•03 


IF 

68-68 

182 

87 

34 

80*29 

— 

•25 

+ 

•14 


80-18 

Orange Biver 

184 

70 

18 

86-07 

— 

•57 

— 

•11 


84-89 

Joostenberg. 

144 

125 

88 

89-44 


•22 

+ 

•01 


89-23 

Elandsberg II. 

182 

80 

18 

11-61 

— 

•41 

+ 

•13 


11-86 

Loskop I. 

148 

28 

68 

10-80 

+ 

•09 

— 

•16 


10-78 

Leenwberg . 

146 

80 

68 

26-70 

+ 

•46 

_ 

•20 


25-96 

Loskop la a ■ a a a 

143 

110 

47 

25-63 

+ 

•80 

— 

•02 


26-81 

Joost^berg .a 

144 

88 

19 

10-89 

— 

•11 

+ 

•22 


10-60 

Eokmond . 

146 

86 

6 

27-60 


•01 

■f 

•11 


27-60 

Xioskop L a a • a a ■ 

148 

68 

88 

19-66 

— 

•02 

+ 

•2J 


19-84 

Leeuwberg. 

146 

28 

20 

14-79 


•66 

““ 

•82 


13-81 
































Table A— conimued* 


Name of Statioi). 

1 

Observed Angles. 

Fignral, 

OircuitL 

Non- 

Oironit. 

Seconds 

of 

Corrected 

Angles. 

Hopbtow to Kimbsblht — continued. 





0 

; 

n 

ft 

ft 


II 

Orange Biver 

• • 

9 • 

184 

28 

54 

4*91 

+ -07 

+ -06 


6-08 

Loskop L 

. ■ 

• • 

148 

89 

89 

6*17 

— -19 

+ -01 


4-99 

Ickmond 

■ • 

« . 

146 

61 

26 

51-66 

- -82 

- -06 


61-18 

Eoldct^ 

4 « 


147 

40 

82 

86-84 

- -14 

- -18 


86-07 

Orange River 

• m 

• • 

JS 4 

89 

28 

56-84 

- -24 

+ .14 


66-28 

EokmoDd 

m . 

* 9 

14 G 

99 

58 

81-48 

— -06 

- -01 


81-42 

Leenwberg .. 

• • 


146 

86 

9 

68-06 

+ -02 

- *16 


62-98 

EoL^op 

■ ■ 

m « 

147 

88 

21 

69-64 

— -Jl 

+ -20 


69-68 

Eckmond 

• . 

• ■ 

U 6 

110 

28 

9-76 

+ *10 

- -06 


9*80 

Holler Pile .. 

• m 

■ • 

148 

65 

84 

8-62 

+ -02 

+ -04 


8-68 

Eolskop 

m m 

m 9 

147 

66 

66 

16-87 

+ -02 

- -44 


16-46 

Loeawberg •« 

m m 

• 9 

146 

57 

29 

44-84 

+ -02 

+ -40 


46-26 

Wolvedam •, 

m 9 

9 9 

160 

61 

14 

46-68 

— *26 

- -02 


45-36 

Eol^op 

■ • 

• • 

1.17 

88 

84 

24-99 

- -26 

- -21 


24-62 

MollerPile .. 

* m 

• • 

148 

80 

10 

64-66 

- *67 

+ -28 


64-21 

Soboltz Eop.. 

m • 

» a 

149 

42 

42 

54-87 

-00 

- -29 


64-68 

HoDerPile .. 

■ a 

•« 

148 

24 

86 

42-78 

- -47 

+ -24 


42-60 

Wolvedam .. 

m 9 

9 9 

160 

112 

40 

26-00 

- -45 

+ -06 


24-60 

Moller File ., 

t ■ 

9 9 

148 

66 

84 

11-82 

- -10 

- -01 


11-71 

Scholtz Kop.. 

* • 

m a 

149 

64 

0 

67-90 

+ *01 

- -06 


67-86 

Eolskop 

• • 

m • 

147 

60 

24 

64-87 

+ *17 

+ -06 


66-10 

Wolvedam ., 

• # 

a a 

160 - 

67 

18 

24-61 

+ *04 

- -01 


24-64 

Sckoltz Eop.. 

m • 


149 

46 

4 

6-74 

+ *08 

+ *21 


7*08 

S^berley Ilill 

•• 

•• 

161 

77 

42 

29-19 

+ -02 

- -20 


29-01 

Taranto Eop 

• • 

■« 

162 

26 

48 

69-90 

- -20 

- -10 


69-61 

Eimberley Hill 

« a 

9 9 

161 

121 

61 

19-24 

- -29 

- *02 


18*98 

Soholtz Eop .. 

• • 

9 • 

149 

82 

19 

42-61 

- -80 

+ *21 


42-42 

Wolvedam .. 

■ • 


150 

68 

88 

15-74 

+ -13 

+ -26 


16-12 

Eimberley Hill 

• • 

. • 

161 

85 

32 

26-09 

+ -07 

+ .01 


26-17 

Distant Bush 

9 • 

- 

164 

40 

64 

18-62 

+ -07 

- -26 


18-48 

Distant Bush, • 

« • 

• « 

1 

154 

82 

47 

5-59 

+ -05 

- -02 


6-62 

Eimberley SOU 

9 9 

• 9 

161 

38 

22 

88-98 

+ -06 

+ -18 


89-22 

Doomboom .. 

i • 

9 9 

168 

68 

60 

14-98 

+ -94 

- -16 


15-71 

Eimberley Hill 

• • 

9 a 

161 

12 

89 

4-97 

+ -20 

+ -08 


6-25 

Sand.. 

• • 

m * 

166 

140 

26 

88-98 

- -62 

- -04 


88-87 

Doomboom .. 

•• 

m • 

168 

26 

65 

16-62 

+ -07 

- -04 


16-66 

Doomboom .. 

• 

a • 

158 

74 

87 

10-98 

+ -26 

- -08 


11-11 

Eimberley Hill 

• • 

« 9 

161 

41 

81 

6-80 

+ -84 

+ -03 


6-67 

TarantalEop 

1 « 

9 9 

152 

63 

61 

42-77 

+ *17 

+ -05 


42-99 

Distant Bnsh 


9 a 

154 

90 

46 

81-44 

+ 1-01 

- '20 


82-26 

Sand .. 

• • 

• « 

166 

67 

89 

18-62 

+ -16 

+ -12 


18-90 

Doomboom .. 

•• 

•• 

168 

81 

85 

8-88 

+ -14 

+ -08 


9-06 

< Distant Bush.. 

, , 

• • 

164 

61 

11 

66-77 

- -09 

- -11 


66-67 

Sand .. 

. . 

• a 

156 

82 

46 

20-81 

- -69 

- -16 


19-46 

Eimberley Hill 

•• 

■ a 

151 

46 

1 

48-96 

+ -26 

+ -27 


44-47 

South end Eimberley Base., 

. 161 

74 

8 

60-60 

- -46 

- -07 


60-08 

Distant Bush 

• • 

• 1 

. 164 

58 

41 

41-84 

- -26 

+ '20 


41-29 

Doomboom .. 

• • 

9 1 

. 168 

47 

14 

28-66 

+ '81 

- -18 


28-84 
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Table A— eonlinutd. 








Seconds 

Name of Station. 

1 

Obeorved Angles. 

FiguraJ. 

Oii'cnit 

Non- 

Oironit. 

of 

Ooireoted 


1 





Angles. 


Hopbtown to KiMBffiBLBY— contiwued. 




• 


If 

// 

// 


It 

Warwioker. 


41 

2 

22-81 

- -09 

- -01 


22-71 

Sand. 

155 

62 

10 

87-20 

+ -89 

+ -02 


87-61 

Poomboom. 

158 

76 

46 

58-86 

+ 1-00 

- -01 


59-85 

Warwioker. 

156 

88 

16 

26-11 

+ -96 

+ -05 


27-12 

Sand. 

155 

30 

6 

18-92 

-- -67 

+ -18 


18-48 

South end Kimberley Base.. 

161 

111 

38 

14-50 

+ -18 

- -18 


14-50 

South end Kimberley Base., 

161 

41 

12 

0-48 

+ -22 

- -08 


0-62 

Sand. 

155 

92 

16 

56-11 

- -18 

+ -16 


56-09 

Doomboom. 

168 

48 

81 

2-79 

+ -70 

- -08 


3-41 

Sonth end Kimberley Base 

161 

58 

47 

46-23 

+ -21 

- -03 


46-41 

Warwioker. 

156 

49 

6 

68-64 

+ -92 

+ -12 


54-68 

North end Kimberley Base.. 

150 

72 

6 

19-69 

+ -37 

- -09 


19-97 

South end Kimberley Base.. 


62 

60 

29-27 

- -03 

- -16 


29-09 

Sand. 

155 

89 

59 

13-80 

— -80 

+ -28 


13-78 

North end Kimberley Base . 

159 

87 

10 

17-62 

— -20 

— -08 


17-24 

South end Kimberley Bose.. 


67 

26 

14-02 

- -04 

- -11 


18-87 

Warwioker . 

156 

79 

17 

48-91 

+ -86 

+ -05 


49-62 

Doomboom* . 

153 

88 

15 

66-07 

+ -81 

+ -06 


66-44 

Distant Bnsh. 

154 

52 

24 

46-89 

+ -14 

- -02 


46-61 

Longitude Point 

167 

79 

0 

60-43 


+ -68 


51-11 

Doomboom. 

153 

48 

31 

22-90 


+ -02 


23-58 

Doomboom .. 

168 

42 

11 

8-48 


+ -11) 


8-67 

liongitude Point 

167 

50 

7 

18-51 


- -67 


17-94 

Sand . 

155 

87 

41 

88-08 

+ -16 

+ -20 


88-50 

South end Kimberley Base.. 

JGl 

98 

83 

35-.’iS 

- -39 

+ -26 


35-42 

il^ag Point. 


80 

20 

58-56 

+ -03 

+ -16 


58-76 

Measured end 

158 

61 

5 

81-69 

- -88 

- -42 


80-84 

Measured end 

158 

61 

46 

4-89 

+ -66 

— -83 


5-11 

Flag Point. 


82 

89 

6-42 

+ -80 

- -12 


6-60 

Warwioker. 

156 

45 

84 

46-98 

+ -89 

+ -45 


48-82 

South end Kimberley Base.. 

161 

89 

45 

80-51 

- -49 

- -15 


49-87 

Flag Point. 


112 

59 

69-98 

+ -88 

+ -04 


60-.85 

Warwioker. 

156 

27 

14 

0-08 

+ -67 

+ -11 


9-81 

South end Kimberley Base.. 

161 

58 

47 

4.5-08 

+ •!! 

+ -41 


45-55 

Warwioker . 

156 

18 

20 

87-96 

+ -22 

+ -84 


88-52 

Measured end 

158 

102 

51 

36-48 

+ -22 

- -76 


36-96 

Longitude Point .. 

167 

129 

8 

8-95 


+ '10 


9-06 

latent Bush . 

154 

20 

49 

86-66 


- -10 

. 

86-46 

Sand . 

155 

30 

2 

14-46 


+ -14 


14-60 

Measured end 

158 

77 

8 

24-62 

- -15 

- -64 


28-98 

Warwioker . 

156 

80 

45 

15-68 

— -02 

+ -47 


16-18 

North end Kimberley Bose. . 

159 

72 

6 

19-88 

+ ’07 

+ -07 


19-97 

Measured end 

ids 

68 

8 

6-67 

-00 

+ -66 


7-33 

Well .. .• .. 


64 

28 

7-02 

+ -18 

— -30 


6-90 

Sonth end Kimberley Base . 

161 

47 

28 

45-89 

+ -26 

- -36 


45-78 

Measured end 

158 

111 

56 

52-22 

- -07 

+ -64 


62-79 

North end Kimberley Base.. 

159 

28 

18 

21-98 

+ -04 

- -25 


21-72 

Well. 


44 

49 

45-70 

+ -19 

1 

- -89 


45-50 
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Table A— eonHmud. 



i 

■1 





Secondti 

Nome of Station, 

Observed Anglea 

Figural. 

Oircuit. 

Noii- 

Cironitk 

of^ 

Oori-eoted 


1 





Angles. 


Hopetown to KjmbbeUiIit— comiimted. 






0 

; 

tf 

// 



n 

Aasvogel Eop 



163 

72 

20 

40-67 

-*•15 



40-58 

Scholtz Kop.. 



149 

21 

41 

61-26 




61-29 

Tarantal Eop 



152 

85 

67 

29-37 




29-40 

Paardeberg .. 



1G8 

68 

14 

67-16 

+ -19 



57-84 

Scholtz E^.. 



140 

48 

87 

68-09 

+ -19 



63-28 

Aasvogel Eop 



162 

78 

7 

11-87 

+ -65 



11-92 

Bondefontein 



164 

49 

82 

49-42 

- -22 



49-20 

Poardeberg .. 


m • 

168 

64 

29 

12-90 

- -22 



12-68 

iaavogel Eop 


• • 

162 

66 

68 

0-76 

- -41 



0'36 

Sosbofinil .. 


• « 

166 

76 

9 

2-21 

+ -18 



2-89 

Bondefontein 


• a 

164 

46 

62 

29-64 

+ -18 



29-82 

Aasvogel Eop 


• • 

1G2 

68 

68 

29-64 




29-68 

Tarantal Eop 



162 

61 

44 

81-60 

+ -21 



81-81 

BoahofHill .. 



165 

28 

89 

61-27 

+ -22 



61-49 

Aasvogel Eop 



162 

89 

86 

87-64 




87-57 

Bpion Eop .. 



106 

66 

16 

21-48 

+ -46 



21-94 

Aasvogel Eop 



162 

DO 

8 

68-61 

+ -42 



69-03 

Tarantal Eop 



i.')2 

64 

89 

88-66 1 

+ -83 



89-89 

Spion Eop .. 


• • 

166 

82 

69 

25-98 




26-00 

Tarantal Eop 



152 

48 

20 

82-44 




82-62 

Eameelpan n. 



167 

68 

40 

2-11 

- -85 



1-76 

^ion Eop . . 



166 

101 

64 

40-12 

- -18 



89-99 

Eomeelr^ II. 



167 

61 

14 

65-66 

- -14 



65-62 

BoshofHill .. 



165 

26 

60 

26-67 

- -77 



24-90 

Spion Eop .. 



166 

109 

49 

32-42 

- -85 



32-07 

B^of Ilill .. 



166 

80 

88 

60-70 

- -76 



49-94 

Aasvogel Eop 



162 

89 

81 

39-11 

- -67 



38-64 

Eameelpan IT. . 



167 

104 

64 

57-77 

- -49 



67-28 

Boshof HiU*.. 



165 

28 

49 

23-36 




28-35 

Tarantal Eop* 



152 

46 

15 

40-10 




40-10 

Spion Eop .. 


* • 

166 

176 

6 

53-90 ' 

+ -U 



64-01 

Boshof Bill*. 


• • 

166 

1 

68 

58-46 




68-46 

Tarantal Eop* 


• • 

162 

2 

66 

7-68 




7-68 


Kimberley to Kboonstao. 


Earreelaagte 

168 

O 

65 

t 

80 

It 

16-74 

U 

+ -12 

If 

- -24 


II 

16-62 

Bondefontein 

164 

74 

22 

60-61 

+ -18 

+ -05 


50-79 

Boriiof flill. 

166 

60 

6 

54‘32 

+ -12 

+ -19 


64-68 

Dn Flessis Dam 

169 

67 

8 

81-02 

- -26 

- -17 


80-69 

Earreelaagte 

Boshof Hfll. 

168 

75 

18 

12-62 

- -20 

+ -07 


12-38 

166 


38 

19-88 

- -26 

+ -10 


19-72 

Weltevredeu 

171 


38 

6-92 

+ -16 

- -28 


6-84 

Earreelaagte 

168 

45 

12 

84-71 

-b '16 

+ -29 


86-16 

Dn Flessis Dam 

169 

93 

9 

20-47 

+ -16 

- -06 


20-56 


• Derived, not observed. 
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Table A— eontinued. 


Name of Station. 

1 

Obsei^ved Angles. 

Figural. 



Soooiids 

of 

Oorreoted 






Angles. 


KtmbkbTiBY to Ejioonstai)— covMnued . 






0 

r 

ft 

H 

It 


ft 

Bosbere 


• • 

170 

66 

7 

82-88 

+ '07 

- -02 


82-88 

Earreelaa^ 


• ■ 

IGB 

44 

0 

26-00 

+ -07 

- -07 


26-60 

Weltevreden,. 



171 

80 

62 

4-91 

+ -06 

+ -09 


6-00 

Biesie Pan .. 



172 

78 

27 

2-80 

- -18 

- -n 


2-56 

Bosberg 


• « 

170 

64 

87 

0-02 

- *14 

+ -30 


0-18 

Weltevreden.. 


■ • 

171 

46 

56 

69-96 

- *18 

- -19 


69-68 

Schoongczioht 


• « 

178 

62 

46 

66-70 

- -01 

+ -16 


66-84 

Bosber^ 


• • 

170 

53 

0 

40-98 

- -01 

— -08 


46-84 

Biesie Pau .. 


• ■ 

172 

74 

12 

18-48 

•00 

- -07 


18-41 

Zootvlei 


• i 

176 

82 

66 

82-49 

-f -01 



32-60 

Schoongezioht 


1 • 

178 

62 

7 

19-92 

- -30 



19-62 

Biesie Fan . . 


• • 

172 

84 

56 

11-71 

- -30 



11-41 

Therons Eop 


• « 

174 

42 

13 

8-71 

+ -10 



a-Ri 

Biesie Pan .. 


• * 

172 

70 

50 

68-07 

+ -02 



68-69 

Zoetvlei 


• • 

176 

66 

49 

69-83 

+ *12 



69-96 

Sohoou^^ziobt 


• * 

173 

92 

68 

48-04 

- -22 



43-72 

Zoetvlm 


^ • 

176 

88 

68 

27-84 

+ -11 



27-46 

Therons Kop. • 


• ■ 

174 

68 

7 

54-01 

- -09 



63-92 

Biesie Pan •• 



172 

13 

59 

18-04 

- -32 



12-72 

Therons Kop.. 


• • 

174 

10 

64 

46-30 

- -19 



46-11 

Schoongessi^t 


« « 

173 

166 

0 

8-HO 

- -62 



8-34 

Braunzijn Kop 


• • 

107 

74 

40 

63-00 

+ -31 

— -01 


52-80 

Therons Kop. . 



174 

64 

26 

2-06 

+ -31 

- -00 


2-91 

Zoetvlei 



176 

60 

64 

11-80 

+ *81 

+ -07 


12-24 

Nooitverwaoht 


« • 

170 

72 

11 

26-71 

- -28 

■f -06 


26-48 

Braunzijn •. 


< • 

107 

48 

60 

87-39 

— -28 

+ -02 


37-18 

Zoetvlei 


* * 1 

176 

68 

68 

3-28 

— -2^ 

- -07 


2-88 

Bhenosterkj^ IF. 



106 

58 

50 

44-41 

- -21 

- -80 


48-90 

Braunzijn Kop 


• a 

107 

67 

62 

20-14 

- -21 

+ -93 


20-86 

Nooitverwaoht 


a « 

176 

68 

17 

2-48 

- -21 

- -63 


1-64 


Kboonstad to Nwoastle. 


Lai^beig II. . 
EaiBr Eop .. 

m ^ 

a a 

177 

o 

44 

t 

40 

n 

15-73 

II 

- -21 

It 

+ -27 

m m 

a • 

112 

90 

IS 

2-40 

- -20 

— -06 

ISIaiidskopII. . 

m • 


111 

46 

6 

49-61 

- -21 

~ -21 

Vierfontein .. 

a a 



87 

47 

68-61 

+ -02 

+ -09 

Langberg II. . 
Elanaskop 11.. 

• a 

a * 

177 

88 

1 

12-16 

+ * 02 

•00 

a t 

a a 

111 

64 

10 

66-88 

+ -02 

— -09 

Taalbank Eop 

a a 

a ■ 

179 

64 

84 

29-27 

+ -27 

+ -11 

Langbergll.. 

a a 

• a 

177 

49 

42 

6-77 

+ -26 

- -27 

Vierfontein .. 

• a 

a • 

178 

66 

48 

80-87 

+ -27 

+ -16 

Eaolkop 

a a 


180 

71 

27 

43*62 

+ -04 

+ -08 

Vaalbank Eop 

a a 


179 

62 

8 

28-19 

+ -04 

+ * 18 

Vierfontein .. 

• • 


178 

46 

28 

67-67 

+ -05 

- -21 


15-79 

2-20 

49-09 

66-62 

12-18 

66-81 

29 - 66 
6-76 

30 - 80 

43-74 

28-36 

67-41 
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Table A— contimtd. 








Seconds 

Name of Statioa 

1 

Observed Angles. 

Figaral. 

Oircuit. 

Non- 

Oircnit. 

of 

Ooirected 







Angles. 


Kboonbtad to NbwoastIiB— condnued. 




O 

f 

// 

11 

it 


// 

Hermitage. 

181 

66 

6 

27-00 

+ *08 

+ -16 


27-28 

Yaalbazif Eop 

179 

52 

40 

45-05 

+ -09 

- -17 


44-97 

Eaalkop . 

180 

61 

18 

60-68 

+ -08 

+ -02 


50-78 

Gemsbokberg 

182 

Si 

44 

46-24 

- -13 

+ -11 


46-22 

Herzxiitage .. 

181 

71 

42 

80-09 

- -18 

+ * 10 


80-06 

Eaalkop . 

180 

68 

82 

46-82 

- -18 

- -21 


46-48 

Drakensberg. 

58 

i2 

4 

1-95 

+ -20 

+ -85 


2-60 


181 

92 

6 

66-03 

+ -21 

+ ‘09 


66-88 

Gemsbokberg 

182 

46 

49 

4-48 

+ -20 

— -44 


4-24 

Inkwelo 

69 

79 

6 

46-27 

+ -16 

- -08 

i 

46-40 

Drakensberg 

68 

62 

16 

2-16 

+ -16 

+ -26 


2-58 

Gemsbokberg 

182 

48 

88 

14-94 

+ -17 

- -28 


14-88 


IClHBBBLHT TO OtTOSHOOF. 





0 

r 

n 

If 

tf 


f/ 

Zwartikcm 11.. 


188 

82 

28 

61-08 

- -08 

- -20 


60-80 

Bosbof Hill .. 


166 

79 

49 

28-81 

- -02 

- -18 


28-61 

Kamedpaa II 

• * 

167 

17 

41 

40-69 

- -08 

+ -88 


40-94 

Boesmanskra 

• • 

184 

GO 

48 

86-81 

- *21 

+ -18 


35-73 

Zwartkop II.. 

• * 

188 

66 

89 

42*19 

- -21 

- -33 


41-66 

Eameelpan II 

• • 

167 

62 

86 

48-60 

- -22 

+ *20 


48-68 

Uifk;fk 

• » 

186 

46 

55 

41-82 

- -51 

- -17 


41-14 

Zwamop n.. 

• • 

183 

62 

16 

29-36 

- -61 

- -14 


28*91 

Boesmanakop 

• • 

184 

70 

47 

61-49 

- *51 

+ -81 


61-29 

Leenwlaagte.. 



101 

16 

18-09 

- -09 

+ -12 


18-12 

TJitkyk 



28 

26 

2*87 

- -09 

- *27 


2-01 

Boesmanskop 

•• 

184 

60 

18 

46-46 

- -09 

+ -16 


46-51 

Winterhoek.. 


187 

88 

1 

12-20 

+ -06 

+ -10 


12-86 

Ditkyk 


186 

67 

28 

18*98 

+ *06 

- -27 


13-71 

Leenwlaagte 

• - 

186 

89 

85 

84-28 

+ -05 

+ -17 


84-80 

Boomplaats .. 

• • 

188 

41 

87 

14-87 

+ -13 

- -18 


14-87 

TJitkyk 

m m 

186 

57 

21 

16-40 

+ -13 

- -07 


16-46 

Winterhoek.. 

■ • 

187 

81 

1 

28-89 

+ -18 

+ -20 


29-22 

Hontnek 

■ • 

189 

89 

27 

28-22 

+ -28 

- -18 


28-37 

fioomplaatB .. 

• • 

188 

101 

68 

46-26 

+ -28 

- -10 


45-48 

Winterhoek • • 

m • 

187 

88 

88 

46-87 

+ -27 

+ -28 


46-87 

Bethel Pella *, 

« > 


91 

40 

66-67 

- -29 

+ -04 


66-42 

Houtn^ 

• • 

189 

86 

86 

41-86 

- -29 

- -10 


40-96 

Winterhoek • • 

• « 

187 

61 

42 

24-68 

- -29 

+ -06 


24-40 

Bohoonheld .. 

a • 

191 

61 

87 

29-84 

- -28 

+ -02 


29-08 

Hontnek 

a • 

189 

60 

41 

85-62 

- -28 

- -06 


86-18 

Bethd Pella .. 

• 


77 

40 

66-98 

- -29 

+ -04 


56-78 

Langvallei .. 


192 

97 

43 

7-20 

- -26 

- -06 


6-89 

Hontnek 

i a 

189 

47 

16 

9-23 

- -26 

- -06 


8-92 

.Sohoonheid «. 

- • 

191 

84 

68 

46-02 

- -26 

+ -11 

• 4 

44-87 
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Table A — continued. 








Seconds 

Name of Statiou. 

1 

Observed ;\jiglefl. 

Fignral. 

Oirouit. 

Non- 

Oircuit. 

of 

Corrected 






Angles. 


Kimberley to Ottoshoop— continued. 


Never Mind .. 


193 

0 

08 

r 

88 

II 

20-37 

// 

+ *09 

II 

— -02 

// 

n 

20-44 

Langvallei .. 


1U2 

fOe 

11 

1-08 

- -13 

- -03 


1-62 

Sobooulioid .. 


191 

01 

15 

88-52 

+ -17 

+ -06 


88-74 

Kopje Enlcel.. 


191: 

52 

8 

12-81 

- -01 

+ -02 


12-82 

Never Mind ,. 


m 

100 

45 

5G-15 

- -16 

+ -01 


56-00 

Schoonheld .« 


191 

27 

5 

52*81 

- *08 

- -08 


61-60 

Kamcelpan 1. 

• « 

195 

0!) 

IH 

58*88 

+ *51 

+ -01 


58*98 

Never Mind,. 


VX] 

no 

81 

9*82 

+ *50 

- *02 


9-80 

Kopje Eiikel.. 


191 

49 

89 

50*19 

+ *24 

+ -01 


56-44 

fiimgyallei .. 

*« 

1!)2> 

18 

10 

87-87 

+ -98 


- -04 

88*81 

Never Mind.. 


m 

lOe 

9 

81*10 

- *18 


+ *08 

33-7(5 

Kaiuoelpon I, 


195 

81 

88 

48-02 

- -14 


+ -01 

48-19 

Smitskraal /. 

« I 

m 

81 

5(i 

8*50 

+ -82 

+ -08 


9-41 

Kaxneelpan 1. 

% » 

195 

02 

25 

J0*05 

+ *09 

- -02 


40-72 

Kopje Eukel.. 

• V 

104 

85 

88 

9-83 

+ -40 

- -01 


10-22 

Kooitgedacht II. .. 


197 

51 

29 

4-21 

- -08 


- -02 

4-11 

Kopje Enlcel.« 


194 

28 

27 

57-40 

+ -04 


— ‘OJ 

57-40 

Smitekraal • . • 


190 

100 

2 

58-81 

+ -47 

+ *00 


58*84 

Kaineelpan I. 

• ■ 

195 

82 

11 

41-29 

— *10 

— *05 


•14-08 

Sinitski^oal .. 

• » 

190 

{*)« 

0 

49-75 

— *85 

+ -08 


19-48 

Nooitgodaebt 11. .. 

■ # 

197 

79 

41 

27-87 

-1*02 

+ -02 


20*87 

Kopje Enkel.. 


l!).l 

.W 

10 

12*48 

+ *80 


+ *03 

12*82 

Nooibgedoobl 11. • . 

« • 

197 

28 

12 

28*00 

- -94 


+ *04 

22-76 

Eameclpan I. 

• • 

195 

94 

87 

24-94 

- -07 

O 

1 


24-89 

Amsterdam . . 

• • 

198 

84 

22 

54-12 

+ -13 

- -02 


54-23 

Nooitfi^aebt IT. 
Smitskraal . • 

■ • 

197 

24 

68 

17-43 

+ -14 

“h *07 


17-64 

■ « 

196 

70 

48 

48-18 

+ -14 

- -05 


48-22 

Klipkuil 

• « 

199 

19 

5 

28-13 

+ -01 

+ -08 


28-22 

Nooftgedacht 11. 

• • 

197 

60 

29 

28-51 

+ -26 

- -07 


28-70 

Amsterdam .. 


198 

100 

25 

8-85 

+ -20 

- -01 


8-60 

Doornboek .. 


200 

($2 

31 

17-U 

- -21 


- -06 

16-85 

Amsterdam .. 

m ■ 

198 

08 

0 

57-09 

+ *01 


+ -01 

57-11 

Klipkuil 

• V 

109 

54 

27 

47-34 

- -19 

+ -04 


47-19 

Nooitgedaoht 11. .. 

« • 

197 

01 

51 

11-29 

+ -03 

-00 


11-82 

Klipkuil 


109 

85 

22 

19-21 ■ 

— -20 

- -04 


18-97 

Doornboek .. * • 


200 

82 

46 

80-70 

- -17 

+ *04 


80-68 

Amsterdam .. 


198 

87 

24 

11-26 

+ -25 


- -02 

11-49 

Doornboek • • 

• • 

200 

20 

15 

18-06 

+ -04 


+ -09 

18-78 

Nooitgedoebt II. .. 

• « 

197 

122 

20 

84-80 

+ -29 

- -07 


85-02 

Morgeuzon «• 

• • 

202 

48 

55 

46-16 

- -22 

- -21 


45-73 

Doornboek .. 


200 

00 

59 

84-45 

- -22 

+ *26 


84-49 

Klipkuil 

• • 

199 

64 

4 

41-69 

- -21 

- -05 

' 

41-88 

Holpaii 

• « 

201 

93 

88 

12-00 

- -89 

+ -10 


12-81 

Doorubook . • 

« a 

200 

40 

30 

53-52 

— -38 

+ -12 


68-26 

Morgenzon .. 

a • 

202 

45 

50 

55-99 

- -39 

~ -22 


55-38 

Fanfontein • • 

a a 

208 

74 

21 

20-30 

+ -37 

+ -09 


20-76 

Holpan 

• « 

201 

87 

48 

46-17 

+ -37 

+ -10 


•16 - 64 

Morgenzon .. .« 

a a 

202 

17 

54 

.53-68 

+ -88 

^ *10 


63-87 


(14181) F 
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Table A— eontinued. 








Seconds 

Name of Station. 

Number. 

Observed Angles. 

Fignral. 

Oirouit. 

Non- 

Oiiouit. 

of 

Ooneoted 





Aj)gles, 


Kiubebuit to Otioshoof— continue. 


Makonwakop 
Panfontein .. 
Morgenzou .. 

Stroppan 
Makouwskop 
MorgODZon .. 

Doornbult III. 

Makouwskop 

Stropppu 

Rosalie 
Doornbult IIL 
Htroppau 

Bieipan 
Rosalie ., 
Stroppan 

Doornbult 11. 
Rosalio •« 
Bieipan . • 

Simonsvld .. 
Bosalio 
Doornbult IL 

Zwarta Bust. • 
Simonsylei .. 
Doornbult II. 

Bosobpan 
ZwartB Bust.. 
Doornbult II. 

Baireekuil .. 
Zwarts Bust.. 
Bosobpan 

Disselboom Fan 
Kaareekuil .. 
Bosobpan 

Driekuil 
Karreekuil ,. 
Disselboom Pan 

Middelbult .. 
Driekuil 
Disselboom Pan 

Makoies Pan.. 
Middelbult .. 
Disselboom Pan 

Doornbult I... 
Disselboom Pan 
Makoies Pan,. 

Middelbult'. • 
Makoies Pan. • 
Doornbult I.,. 

i 



0 

/ 

n 

n 

/I 


n 



41 

18 

11-60 

- -87 

+ -08 



11-31 


94 

66 

27-62 

- -38 

+ -09 


» 

27-88 


48 

60 

22-86 

- -87 

- -17 



22-32 


68 

50 

8-16 

+ -18 

- -18 



8-16 

204 

66 

S3 

81-91 

+ -18 

+ -40 



82-49 

202 

46 

86 

25-85 

+ -18 

-22 



26-81 

9 

91 

21 

28-64 

- -46 

+ -18 



28-31 

iim 

57 

9 

42-00 

- -46 

+ -08 



41-62 


81 

28 

51-27 

- -45 

- -21 



50-61 

207 

109 

84 

61-02 

- '18 

+ -10 



50-04 

200 

64 

46 

22-62 

- -17 

+ -09 



22-44 


6 

89 

47-06 

- -17 

- -19 



46-70 


80 

58 

86-44 

+ -21 

- -18 



86-47 


89 

47 

22-86 

+ -22 

+ -42 



28-50 


69 

14 

0-61 

+ -21 

— -24 



0-48 


61 

23 

22-08 

+ -01 

- -18 



23-91 

207 

64 

62 

41-82 

+ -02 

+ -85 



41-69 


78 

48 

67-22 

+ -01 

- -22 



67-01 


97 

84 

0-86 

+ -84 

+ -18 



0-87 

207 1 

64 

11 

44-95 

+ -88 

•f -09 



45-87 


28 

14 

14-06 

■f -88 

- -27 



14-11 

211 

68 

6 

17-14 

+ -80 

+ -29 



17*78 


75 

63 

25-82 

■f -29 

+ -17 



25-78 

209 

46 

1 

17-16 

+ -29 

- -46 



16-99 

212 

84 

66 

6-94 

+ -02 

- -25 



6-71 

211 

89 

22 

86-72 

+ -02 

+ -69 



86-38 


66 

41 

17-69 

+ -08 

- -84 



17-88 

218 

48 

68 

46-89 

+ -15 

+ -40 



46-94 

211 

79 

28 

6-78 

+• -16 

+ -20 



6-13 

212 

66 

38 

8-04 

+ -14 

- -60 



7-68 

214 

61 

12 

68-22 

+ -88 

- -18 



68-42 

218 

61 

16 

66-10 

+ -88 

• + -66 



67-08 

212 

67 

SO 

5-68 

+ -39 

- -87 



6-70 

216 

88 

7 

46-06 

+ -60 

+ -28 



46-98 

218 

66- 

20 

80-97 

+ -60 

+ -17 



81-74 

214 

26 

81 

42-80 

+ -61 

- -45 



42-96 

216 

48 

26 

4-91 

- -16 

- -62 



4-18 

216 

48 

18 

40-77 

- -16 

+ -76 



41*37 

214 

88 

16 

16-99 

- -17 

- -14 



VX U f 
16-68 

217 

88 

84 

26-14 

+ -07 

- -87 



25*84 

216 

77 

6 

84-92 

+ -66 

+ -40 



85*98 

214 

64 

18 

68-97 

+ -76 

- -08 



59-70 

218 

64 

8 

40-99 

- -48 


+ 

*46 

40-97 

214 

87 

66 

6-02 

+ -88 



•28 

5-68 

217 

77 

66 

16-14 

_ *24 

- -74 



15-16 

216 

47 

81 

80-98 

- -09 

+ -26 



81-10 

217 

89 

21 

60-00 

- -81 

- -87 



49-82 

218 

98 

6 

40-88 

- -80 

+ -11 



40-64 
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Table A— eowHnutd, 


Name of Staiiou. 

1 

Obsorved ingles. 

FiguraU 

Oirouit., 

i 

Non- 

Oironit. 

Seconds 

of 

Uorrected 


1 





Angles. 


Ejmbeelry to Ottoshoop— continued. 






o 

1 

// 

' // 

n 

n 

n 

Dissclbooni Pan 


• • 

214 


28 

5.S-1)5 

4- *4G 


- -81 

64-07 

Dooriibult 1... ‘ 

m 9 


21B 

28 

57 

59-81 

4" “ 18 


- -85 

69-67 

Middelbult .. 

€ • 


21 fi 

124 

38 

5-85 

+ -57 

+ -66 


7-08 

Bethlehem .. 

• • 

• . 

219 

GO 

54 

56-61 

+ -13 

- -41 


66-88 

Doombnlt 1... 

• # 

« t 

2lrt 

45 

0 

23-54 

+ -12 

+ -66 


24-22 

Makoies Pan.. 

■ a 

• 1 

217 

78 

55 

41-44 

+ -12 

- -16 

■ 

41-41 

De Poarl 

■ • 

a • 

220 

50 

81 

12-70 

4- -10 

- -48 


12-88 

Doonibuli I.,, 

• • 

a a 

21H 

19 

51 

26-10 

+ -10 

+ -81 


27-31 

Bethlehem .. 

• i 

•• 

211) 

108 

87 

21-13‘ 

+ -10 

- -33 


20-90 

lloutlinal Boomen 



221 

85 

22 

5-65 

- -16 

+ -n 


5-60 

Doombult L. . 

• • 

* * 

21H 

•27 

4 

29-16 

- -82 

+ ••11 


28-75 

De Poarl 

• • 

• • 

220 

G7 

88 

26-60 

+ -42 

- -52 


26-60 

Welvediend .. 

• ■ 

« • 

228 

20 

84 

5-64 

+ 1-88 

- -27 


7-20 

Houthaal Boomen 


• • 

221 

184 

48 

11-27 

+ -08 

-03 


11-82 

De Faarl 


s • 

220 

24 

42 

42-23 

- -68 

+ -80 


41-86 

Sypberpan .. 

.. 

• • 

222 

82 

27 

58-61 

+ 1-46 


+ -98 

1-05 

Uoiithaol Boomen 

a • 

• a 

221 

79 

4G 

21-22 

4- -28 


- -27 

21-28 

Welvediend .. 

« • 

a a 

228 

67 

45 

89-00 

+ -44 


- -71 

88-73 

Doonibnlt I... 

•. 

• • 

j 218 

60 

26 

26-62 

+ -66 


+ -89 

27-67 

Houthaal Boomon 

. • 

« a 

221 

60 

H 

21-87 

-20 


+ -18 

21-85 

Sypherpiiu .. 

• • 

■ a 

222 

51) 

26 

12-52 

+ -06 


- -68 

12-00 

Malopo’s Oog 

a ■ 

t • 

224 

67 

35 

17-51 

- -04 

+ -11 


17-68 

Welvediend .. 

• e 

• a 

228 

62 

29 

5-49 

- -04 

+ -88 


6-88 

De Faarl 

a « 

• • 

220 

49 

55 

88-88 

- -08 

— -49 

■ 

37-86 

Folfontein . • 

■ • 

a a 

225 

86 

28 

67-45 

+ -06 

- -26 


67-24 

Molopo’s Oog 

■ • 


224 

24 

5 

85-68 

+ -03 

+ -40 


86-18 

De Paai l .. 

» a 

• s 

220 ■ 

69 

25 

27-82 

+ -06 

- -14 


27-28 

Qrootfonteiu. . 

t • 

■ a 

22G 

104 

48 

22-27 

+ -89 

- -18 


22-48 

Malopo’s Oug 

a • 

• s 

224 

25 

SO 

12-94 

+ -88 

+ -21 


18-68 

Polfonteiu .. 

• • 

a a 

220 

19 

46 

24-11 

+ -38 

- -03 


24-46 

Kllppon 


a a 

227 

43 

9 

12-13 

+ -95 

- -26 


12-82 

Malopo’s Oog 

.. 

• ■ 

224 

67 

55 

26-02 

+ -17 

+ -34 


26-68 

Qrootfonteiu.. 

•. 

a a 

226 

68 

55 

20-55 

+ 1-28 

- -08 


21-76 

Witkop T. .. ' 

. • 

m a 

92 

64 

19 

12-64 

+ -75 


+ -39 

18-78 

QrootTouteiu.. 

•. 

.. 

226 

43 

47 

68-60 

+ -16 


+ -22 

68-87 

Klippon 

. • 


227 

71 

52 

48-30 

+ -82 

- -61 


48-61 

Malopo’s Oog 

■ a 

a a 

224 

47 

54 

28-26 

+ -69 

+ -21 


24-16 

Klippao 

• • 

• • 

227 

28 

48 

86-17 

- -18 

-• -85 


86-69 

Witkop 1. : .. 

• . 

•* 

92 

108 

21 

59-98 

+ -62 

+ -14 


60-74 

Grootfontein.. 

• • 

• • 

226 

25 

7 

22-06 

+1-18 


- -30 

22-88 

Witkop 1. 

• a 

a a 

92 

39 

2 

47-34 

- -18 


- -26 

46-96 

Malopo’s Oog 

« • 

• ■ 

224 

115 

49 

49-28 

+ -86 

+. -66 


50-69 

Vergenoeg 

a • 


98 

56 

14 

49-85 

- -48 

- -41 


48-46 

Witfcop I. . a 

m m 


92 

68 

2 

28-12 

- -49 

+ -53 


28-16 

Elippan 

9 • 

a • 

227 

60 

42 

44-87 

— -49 

- -12 

, 3 

.. 44-26 . 


(14181) F 2 
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Table A — contimud. 








Seconds 

Name of Station. 

i 

"3 

Observed Angles. 

Figural. 

Oirotiit. 

Non- 

Oircuit. 

of 

Corrected 


1 





Angles. 


Tib-Chain through Klhrksdokp to Kroonstad. 


Leenwfontein 

228 

a f II 

65 80 40-56 

// 

+ ’16 

If 

- -30 


n 

40-41 

Drieknil . 

215 

64 63 28-84 

+ -16 

+ -71 


29-21 

Middelbult. 

216 

49 86 52-88 

+ -15 

- -41 


62-12 

Scliietfontein 

229 

68 61 7-82 

+ -19 

+ -28 


8-29 


216 

68 9 13-48 

+ -18 

- -84 


18-82 

Leeuwfontein ' 


67 69 89-82 

+ -18 

+ -06 


39-66 

Bhenosterberg Hoek 


58 83 67-62 

- -88 

- -18 


57-01 

Sohietfouteia 


66 22 66-82 

- *38 

+ *93 


56-87 

Leoawfontein 

228 

60 3 8-47 

- -88 



7-29 

DoorDplaats . • 

281 

56 49 58-12 

- -20 



58-52 

Scluotfontein 

229 

47 41 53-80 

! - *19 

- -21 



Khenostorberg IToek 

230 

75 28 9-84 


- *39 


9-25 

Elorksdorp .. 

232 

45 34 11-80 


+ -19 


11-69 

Doomplaats. 

231 

51 18 48-99 


+ -28 


44-42 

Bhcnosterbei'g Ho^ 


83 7 6-26 

+ -21 

- -42 

i 


Vlaklaagte. 

23.3 

57 26 26-49 

- -13 

+ -64 


20*00 

Doomplaats. 

231 

80 89 57-96 

- -18 

+ -14 



Elerkidorp. 

282 

41 58 88-56 

- -18 

- -78 


37-66 

Paradljs . 

284 

67 37 80-65 

+ -43 

- -18 



Vlakla^e. 

288 

48 18 84-75 

+ -42 

+ *76 



Elerksdorp 

282 

69 8 66-28 

+ -43 

- *68 


66-08 

Bovenlands Flaats .. 

285 

69 46 47-87 

- -42 

- -15 



Vlaklaagte .. 

288 

60 43 29-24 

- -42 

mam 


29-91 

Faradijs . 

284 

49 29 46-20 

- -42 

- -94 


44-84 

Nooitvorwaoht 

176 

45 16 24-68 

+ -46 

-H-17 



Ylaklaagte. 

288 

62 80 58-64 

+ -47 

\mmm 


54-12 

Bovenliimds Flaats .. 

285 

72 12 42-66 

+ -46 

-1-18 


41-88 

Bhenosterkop II. 

105 

88 17 80-10 

- *18 

+ -53 



Nooitverwacnt 

176 

86 17 48-87 

- *18 

- -24 



Boyenlands Flaats .. 

285 

110 24 44-92 

- -14 

- *29 


44-49 


Belfast to Limpopo. 


Name of Station. 

Nmnber. 

Observed Angles. 

Fignral. 

Base. 

Non- 

Oircnit. 

Seconds 

of 

Oorreoted 

Angles. 




0 

/ 

ft 

II 

n 


ft 

Mount Anderson .. 

• « 

286 

69 

86 

89-25 

- -44 

- *23 


88*58 

Tafelkop (p.E.) 

■ • 

70 

48 

51 

62-60 

- -44 

+ *56 


52*71 

Verloren viei 

• • 

71 

61 

81 

40-61 

- -46 

- *32 


89*74 

Thama Eoosh •. 

• • 

237 

68 

8 

54-85 

- -40 

— *47 


58*48 

Mount Anderson 

• 4 

286 

59 

58 

18-14 

- -40 

+ *21 


12*96 

Verloren Vlei 

• « 

71 

■ 67 

3 

8-76 

- -40 

+ *26 


8*62 

Manoutsa .. 

• m 

288 

61 

47 

52-14 

+ -27 

- *34 


52*07 

Mount Anderson .. 

m # 

286 

58 

29 

29-15 

+ -27 

+ *88 


29*80 

Thama Eoosh 

• • 

i 

287 

59 

42 

49-09 

+ -26 

- *04 

r • 

49*81 
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Table Ar^onUnued. 


Name of Station. 

Number. 



Base. 

' ,Non- 
Oirouit. 

Seconds 

of 

Corrected 

Angles. 

Belfast to Limpopo— continued. 




o 


// 

/I 

If 


/f 

Iron Grown •, 


239 

4B 

48 

13-29 

- -08 

- *66 


12*6(5 

Monontaa . • «. 


288 

GO 

20 

22-41 

- -08 

+ *86 


22-09 

Tbama Eoosli 


237 

70 

66 

38-22 

- *07 

+ *19 


88-34 

Portugul 


240 

61 

55 

62-56 

- *07 

- *49 


62-00 

Ironttrown .. 


289 

82 

9 

28-86 

- *07 

- *12 


28-67. 

Thama Eooah 


287 

46 

64 

68-92 

- -00 

+ *01 


69-47 

SohnelVB Kop 


241 

68 

67 

29-39 

- *22 

- *38 


28-79 

Iron Crown .. 


289 

100 

6 

16-79 

-• -21 

- *18 


16-40 

Portugal r • 


240 

14 

67 

18-49 

- *21 

+ -56 


18-84 

Matala 


242 

69 

38 

9-22 

+ -06 

- *37 


8-91 

Schnell’s Kop 


241 

81 

8 

86-18 

+ -06 

+ *36 


35-65 

Foi'tingal 


240 

89 

28 

26-96 

+ -06 

+ *01 


2(5-08 

Loskop II. .. 


248 

106 

39 

66-90 

- -21 



66-69 

Sohneira Eop 


241 

27 

41 

80-77 

+ -06 



80-88 

Mataln .. .. 


242 

46 

88 

40-64 

+ -02 



40-66 

Loskop 11. 


243 

69 

29 

12-37 

-29 



J2-08 

Xameelkop ., 


244 

100 

14 

6-88 

- -26 



G-62 

Matala 


242 

14 

16 

42-08 

+ -60 



42-68 

Loskop II. 


248 

31 

9 

60-99 

+ -29 



(50-28 

Matala 


242 

66 

11 

27-07 

- -47 



27 ■20 

SoDtb end Ilouts River Boso 

24C 

88 

88 

85-U 

•00 



36-14 

Loskop IL •. 

• ■ 

248 

106 

32 

10-06 

— -40 



9-00 

Eomeelkop .. 

« • 

244 

30 

66 

20-87 

- -09 



20-28 

North end Houts Biver Baao 

246 

42 

32 

24-86 

- -40 



24-39 

Loskop II. 

.. 

248 

90 

89 

12-86 

•00 



12-36 

Eameelkop , • 

. , 

244 

73 

41 

11-96 

+ -03 



11-99 

South end Houts Biver Base 

245 

16 

39 

87-05 

- *10 



SG-96 

Loskop II. .« , • 

• • 

248 

47 

2 

67-09 

- -17 



67-62 

atola •« . • 

• . 

242 

9 

21 

88-46 

- -60 



87-96 

Nortb end Houts Biver Base 

246 

128 

86 

26*80 

•64 



26*82 

Loskop II. . • . ■ 

• ■ 

248 

16 

62 

67-70 

— -46 



67*24 

South end Fonts Biver Base 

246 

4 

12 

43*07 

+ *48 



48*60 

Noi^th end Houts Biver Base 

246 

169 

64 

20-22 

— *69 



19*63 

Eameelkop .. 

• . 

244 

32 

32 

64-92 

- *29 


1 

1 

64*68 

Matala 

• • 

242 

79 

28 

9-70 

+ *03 



9*73 

South end Houts Biver Base 

246 

67 

68 

68-09 

1 + * 10 



68-19 

Eameelkop ., . • 

• • 

244 

75 

18 

40-61 

- *17 



40-84 

Matala 

a a 

242 

28 

38 

20-48 

•00 



20-48 

North end Houts Biver Base 

246 

81 

3 

1-01 

- *08 



0-98 

Kameelkop .. 

• a 

244 

42 

46 

45-69 

+ '12 



46-71 

South end Fonts Biver Base 

246 

19 

62 

20-12 

+ *83 



20-46 

North end Houts Biver Bose 

246 

117 

21 

65-87 1 

- *28 



66-14 

Matala 

a a 

242 

65 

49 

49-22 

•+• *03 



49-26 

North end Houts Biver Base 

246 

36 

18 

64-86 

— *16 


i 

64-21 

South end Houts Biver Base 

246 

, 87 

61 

18-21 

+ *43 



18-64 

Blaauwberg,. 

.. 

247 

86 

G 

28-28 

+ *20 



28-48 

Loskop II. .. • • 

• a 

243 

96 

67 

87-96 

+ *19 



88-16 

Sdatala .. •. 

a a 

242 

46 

66 

0-00 

+ *24 



0-24 

(14181) 




F 3 
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Table A—eonimted. 


Name of tStatioiu 

1 

J2i 

Observed Angles. 

Figural. 

Base. 

Non- 

Oircuit. 

Seconds 

of 

Corroded 

Angles. 



BbLI'AlST to 

Limpopo — continued. 







o 

/ 

It 

11 



// 

Lejuma 

« « 

« • 

248 

72 

28 

39-48 

+ *28 



89-06 

Loskop IL ,. 

i P 

f « 

248 

48 

2D 

7-6C 

+ -20 



7-8(5 

Blaauwberg^«• 

« * 

• 9 

247 

69 

2 

17-98 

+ ’24 



18-22 

Sohnell’s Kop 

t P 

• 4 

241 

29 

25 

25-56 

- -17 



25-39 

Loskop II. ,. 

4 • 

« 4 

243 

107 

53 

17-48 

— -18 



17-30 

Lejmna ;. 

« m 

• 9 

248 

42 

41 

26-50 

- -13 



26-37 

Dwaraberg «. 

« • 

4 4 

249 

28 

4 

81-88 

- -04 

■ 


31-34 

Lejuma 

• • 

• • 

248 

28 

7 

83-06 

- -88 



:)2-6H 

Biaauwberg: . 

• • 


247 

12.“) 

48 

0-77 

- -11 



0-36 

Pout .. 

• • 

t • 


29 

8 

36-41 

+ -33 



.30-74 

Blaauwber^ : . 

4 • 


247 

51 

28 

38-70 

- -04 



33-06 

Dwarsberg .. 

• • 


249 

Ul) 

22 

57-68 

+ •29 



67-97 

Lejuma «» 

• r 

4 » 

248 

60 

88 

•52-12 

•00 



52-12 

Dwarsberg 

• • 

4 4 

249 

71 

18 

26-30 

+ -33 



26-63 

Pont .. 

« 4 

4 4 

250 

58 

2 

55-09 

+ -82 

- 

. 

55*41 

Blaauwberg .» 

4 4 

4 • 

247 

72 

19 

27-07 

- -87 



26-70 

Pont «• 

• • 

4 4 

250 

28 

54 

18-68 

- -01 



18-67 

Lejuma 

V fl 

f 4 

248 

78 

46 

25-18 

— -38 


- 

24-80 

Do^la 

4 4 

4 • . 

251 

72 

30 

26-23 

- -20 



26-03 

Lejuma 

4 4* 

4 4 

248 

35 

11 

37-08 

- -21 



36-87 ■ 

Pont .. 

• • 

» 

260 

72 

18 

9-07 

- -20 



8-87 


i Sjboondakt Chain, Pbetobia to Johannhsbum. 

: Measured with 8-mch and 6-inch Theodolites, 

(Angles measured with the 8-inch Theodolite are distinguished by an 

asterisk.) . 


Meintjes Eop 
Daspoort 
Gable Hin 

Mnokleneuk*; 
Gable Hill 
Meintjea Eop* 

Daspoort 
Meintjes E<^ 
Mocklenetik.'. 

Gable HiU .. 
Muoklenenk •. 
Daspoort 

Eoedoespoort* 

'MnnlrlAfinnlr * 

Mwitjes Kop* 

1 

Camp* J. 

Meiatjes 

£oedoespoor^ 




0 

1 

11 

II 



• • 

254 

43 

37 

50-66 

-1-15 



■ f 

252 

85 

26 

12-16 

- -21 



m 9 

84 

100 

66 

59-24 

— *46 



m i 

258 

48 

87 

24-31 

+ -98 


. 

« > 

84 

21 

0 

9-61 


• 



264 

110 

22 

24-31 

+ -86 




262 

16 

15 

25-22 

+1-81 


. 


254 

66 

44 

34-34 

+1-30 


' 


253 

96 

59 

64-85 

+2-.99 




84 

79 

55 

49-68 

- -46 




258 

48 

22 

80-64 

+2-01 




262 

51 

41 

87-87 

+1-10 

. 


■ m 

266 

26 

1 

16-68 

+4-81: 




263 

82 

47 

89-01 

-8-05 



• • 

254 

121 

11 

1-94 

+2-24 

1 

1 


« » 

266 

58 

25 

64-70 

'+1-65’ 




264 

54 

46 

47-64 

-1-86 


. 


265 

B6 

47 

14-18 

+3-78 

1 

t 

** * 


49-43 

11-94 

58-78 

25-29 

9-Cl 

25- 16 

26- 53 
35-73 
67-84 

49-17 

82-66 

38-47 

19-89 

35-96 

4-18 

56-85 

46-78 

17-91 









Table A— eoniinued. 


Name of Station. 

Number. 

Observed Angles. 

Figural. 

Base. 

Non- 

Oirouit. 

Seconds 

of 

Oorrected 

Angles. 

Sbcootjabt Chain, Pbeiobia to Johannesburg— coniwitfec?. 





0 

1 

It 

»t 



11 

Mucklenenk* 



253 

36 

16 

67*74 

+ *81 



58*55 

Eoedoespooit* 



265 

40 

45 

58-55 

- -63 



56*02 

Oamp* 



256 

102 

68 

2*52 

+ *90 



3*48 

Meintjea Eop* 



254 

66 

24 

14*30 

+4*10 



18*40 

Oamp* 



256 

44 

82 

7-82 

- *69 


• 

7*18 

Mnokleneok* 



253 

69 

6 

36-76 

-2-24 



34*51 

Elapper Kop. • 



267 

41 

44 

57*63 

+ *47 



68*00 

DoBROort 



252 

57 

5 

38-41 

+ *48 



38*89 

OabloHai .. 



84 

81 

9 

22*87 

+ *47 



28*34 

Zwartkop III. 



258 

76 

16 

51*17 

- -04 



51*18 

Doapoort 



252 

46 

59 

24-U 

— -04 



24*10 

Elapper Eop.. 



257 

67 

44 

45-06 

- *03 



45*08 

Irene.. 



259 

48 

30 

16*86 

+ *86 



17*71 

Zwartkop m. 



258 

56 

1 

18-72 

+ *86 



19-57 

Elapper Eop.. 



267 

76 

28 

22-12 

+ -84 



22-96 

Brakfontein .. 



260 

71 

34 

89*97 

- *77 



39*20 

Zwartkop III. 



258 

47 

24 

34*80 

- -78 



34*02 

Irene.. 



259 

61 

0 

47*81 

- *77 



47*04 

Oliphantafontein 



261 

63 

11 

11*20 

- *80 



10*84 

Brakfontein .. 



260 

64 

2 

0-74 

- *36 



6*38 

Ii'ene.. 



259 

52 

46 

43*31 

- *35 



•12*96 

Elipfontein .. 



262 

34 

28 

40*70 

- *67 



46*13 

Brakfontein .. 



260 

59 

37 

15*82 

- *67 



15*25 

Oliphantafontein 



261 

85 

53 

59*46 

- *66 



68*90 

Witpoort 



263 

76 

6 

43*22 

- *58 



42-64 

BraUontein .. 



260 

62 

25 

6*01 

- *59 



6*02 

Elipfontein .. 



202 

42 

29 

13-27 

- *68 



12*69 

Driefontein .. 



264 

05 

47 

0*46 

+ *37 



0*88 

Whitpoort .. 



268 

71 

81 

4*80 

+ *87 



4*67 

Elipfontein .. 



262 

42 

41 

54*47 

+ *87 



54*84 

Genniston .. 



266 

49 

1 

80*08 

+ *85 



80*48 

Driefontein .. 



264 

60 

34 

41*8# 

_ *18 



41*71 

Elipfontein .. 



262 

80 

23 

48*53 

*16 



48*88 

Observatory Hill (Johannes- 









burg) 

« t 

• • 

96 

66 

54 

26*78 

+ *66 



26*33 

Elipfontein •• 

• • 

( . 

262 

23 

36 

18*37 

- *33 



18*04 

Qefmiston .. 

• t 

9 9 

265 

99 

29 

16*30 

+ *68 



15*88 

Briefontein • • 

• • 

• 9 

264 

20 

45 

56*19 

+ *86 



67*04 

Genniston .. 

• • 

• 9 

265 

50 

27 

46*22 

+ *28 



46*46 

Observatory Hill (Johannes- 









bnrg) 

9 9 

•• 

96 

108 

46 

17*10 

+ *06 



17*70 

EliDfontein .. 

9 9 

.. 

262 

56 

47 

80*16 

+ *18 



80*34 

Observatory BBll (Johannes- 









burg) 

9 9 

• • 

96 

61 

51 

51*82 

+ -11 



61*48 

Drifif<m1m .. 

9 9 

• • 

264 

71 

20 

88*03 

+ *72 



88*76 

F6 Beacon .. 

• • 

\ 9 

266 

89 

0 

7*30 

-1*14 



6*16 

Observatory Hill (Johannes- 









buTfir^ 



96 

86 

18 

81*80 

— *80 



81*60 

Germiston .. 

• • 

9 9 

265 

104 

41 

28*89 

-1*44 



22*46 


F4 
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Table L—conoludtd. 


Name of Station. 

1 

Observed Anglee. 

JTigural. 

Btwo. 

Noii- 

Oii’cuil. 

iSoooikIk 

of 

Oorroctod 


1 





Alight. 


Sboondaet Chain, Pbbtobia to Johannjsisbdiuj— continued . 




a 

/ 

it 

it 



It 

Xlipriviersberg 

267 

38 

42 

20-93 

+ -GO 



21-50 

Oenniston • • ., ., 

2G5 

50 

19 

53-27 

-1-10 



52-17 

P6 Beacon. 

26fi 

05 

57 

46-83 

- -41 



40-39 

Observatory BSU (Johannes- 







1 

Irarg) . 

96 

52 

57 

53-94 

+ 1-46 


55-40 

PC Beacon . 

2GG 

56 

57 

39-53 

+ -70 


1 40-23 

J^lipriyiersberg 

207 

1 70 

i 

4 

22-41 

+ 2-17 


. 24-58 

Gemuaton. 

265 

5-1 

21 

30-02 

— -34 


I 

30-2H 

Elipriviersbew 

2G7 

36 

22 

1-48 

+ 1-51 



2 - 00 

Obeervatoiy Hill (Johannefl- 









burg) . 

9G 

89 

IG 

25-74 

+ 1-1G 



20-90 


Table B. 


TEIANGULAli EKEOBH. 


1 

Correction 

to 

Observed 

Angla 

IrroT of 
Triangle. 

Station. 

Oorrecfcioii 

to 

Observed 

Angle, 

Bn-or of 
Triangle. 

Station. 

Correction 

to 

()bH(»rvt«l 

Rfi-oi- (if 
Trlnnglo. 



BliNa ^ 

WlLLU 

vai's Town to NEWdABTii 

w. 


8 

1 

2 

n 

+0-50 

+0-51 

-1-52 

II 

+0-51 

8 

G 

7 

II 

-0-25 

-0-29 

+0-10 

It 

+0-44 

1-1 

13 

12 

II 

+ 1-13 
+0-79 
+0-70 

II 

-2-63 

5 

2 

8 

+0.71 

-0-08 

+0-71 

-1-84 

9 

8 

7 

-0-20 
» +0-06 
+0-11 

+0-03 

u 

11 

13 

-0-5(1 
—0-93 
+ ()*1() 

+ 1-33 

4 

2 

8 

-1-07 

-0-86 

+0-41 

+1-52. 

10 

8 

9 

+0-49 

-1-08 

-0-32 

-1-25 

18 

12 

13 

+ 1-00 
-o-no 

-1-41 

+3-13 

4 

2 

5 

-1-06 

-0-78 

-0-78 

+2-57 

11 

10 

9 

-0-46 

+0-01 

+0-85 

+0-10 

19 

12 

18 

+0-42 

+0-11 

+0-19 

-0-72 

4 

8 

5- 

0-00 

+0-81 

-0-08 

-0-28 

12 

10 

11 

-0-14 

+0-79 

-0-17 

-0-48 

19 

13 

12 

-0-01 

-0-69 

-0-55 

+ 1-25 

6 

2 

4 

-0-10 i 

-0-29 

+0-56 

-0-17 

18 

12 

11 

+0-86 

+0-09 

-1-24 

+0-29 

19 

1 IK 

13 

+0-44 

-0-87 

-0-71 

+ 1-14 

7 

6 

4 

+ 0-88 
.-0-26 
+1-08 

-1-65 

14 

12 

11 

-0-57 

-0-62 

-0-81 

+ 1*60 

12 

18 

+0-04 

-0-77 

+0-14 


1 


. 1 


14 

+0-59 
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Tftblo l^'^^owtinucd. 


i 

CO 

Oorreotion 

to 

Observed 

Angle, 

Error of 
Triangle. 

i 

OorrectioD 

to 

Observed 

Angle 

BiTor of 
Triangle. 

1 

OorreotioE 

to 

Observed 

Angle. 

Error of 
Triangle, 


Ki 

aid WiLLiAaf’s Town to 

Nbwoabtlb — CC 

mtinued. 


18 

1-1 

13 

n 

-0-29 
+ 0-54 
-0-71 

II 

+0-4G 

26 

22 

25 

II 

-0-02 
—O'05 
—0*37 



■ 

II 

~1'92 

i 

m 

+1-88 

2G 

22 

27 

—()'6'8 
—0-20 
—O'40 

+1-24 

35 

33 

34 

+0'67 

+0'28 

—0*17 

-O'78 

14 

ir> 

18 

—O'ld 

—0-23 

—0-17 

+0-69 

. 27 
22 
25 

—0-48 
-0'86 
-O'15 

+ 1'48 

35 

37 

33 

-0'15 

+1'20 

-0*76 

-O'35 

11 

13 

15 

+ 0-02 
-0-33 
-0-77 

+1*08 

2G 

25 

27 

-O'00 
—0'22 
+0'02 

+ 0'80 

37 

38 
30 

-O'30 
+0'33 
-0-03 

O'OO 

ir> 

14 

16 

—0-12 
-0*24 
+0*21 

+0*15 

28 

22 

27 

+ 0 • 06 
+0'07 
+0-07 

-2'00 

87 

34 

30 


+0'03 

17 

1-1 

15 

—0-17 

+0-04 

+0*78 

-I-25 

29 

27 

20 

— 0'07 
—O'07 
—0-08 

H-0'22 

35 

37 

34 

-O'82 
+ 1'22 
+ 1'14 

-1-64 

IG 

15 

17 

—0-20 
+0-57 
+0*08 

-0-45 

25 

24 

30 

—0-07 
+ 0'15 
-0-45 

+ 0-37 

40 

34 

30 

+ 0'28 
-O'Ol 
-O'Ol 

-O'26 

10 

1-1 

17 

-0-32 

-0-88 

+0.25 

+0-95 

24 

30 

31 

+ 1'43 
+ 0'17 
+ 0'45 

-2'06 

30 

40 

38 

+0'00 

+0'74 

+0-02 

-1*30 

'20 

I'J 

IR 

-0-04 

+0-71 

+0-8G 

-1-53 

30 

31 

32 

+ 0'19 
+ 0'38 
— 0'G3 


38 

40 

39 

-0'71 

-0'40 

+0*24 

+0'87 

21 

20 

19 

-0-22 

—0*14 

+0-86 


32 

81 

84 

+0'07 
—0-48 
+ 0-88 

+0*08 

84 

40 

89 

-1'28 

-O'Ol 

-0*41 

+2'2r> 

21 

20 

22 

+ 0-33 
-0*01 
-0'G7 

-0*36 

83 

32 

31 

—O'50 
-O'll 
+ 1'00 

-0'39 

80 

84 

38 

+0'G9 
— 1'2G 
-0-43 

+1'10 

24 

21 

22 

+0-25 
+ 0*54 
+ 0*2G 

-1-05 

32 

34 

38 

+0'19 
—0'04 
+0'16 

-O'30 

38 

34 

39 

-(>'25 
+0'03 
—0-17 

+0'39 

23 

21 

21 

-1-C6 
-1-11 
+ 0-07 

+2-70 

31 

33 

34 

+1'18 
—0'34 
—0'42 

-O'72 

30 

34 

39 

+0-83 

-1'24 

+0'01 

+0'90 

28 

21 

22 

-0-78 

-0-68 

-0-80 

+1-GC 

35 

83 

31 

+ 1-07 
+ 0*11 
—0'5C 

-O'02 

88 

30 

89 

-O'08 
+0*27 
-O'19 

+0'60 

23 

22 

24 

• -0-88 
+0-66 
+0-83 

n 

31 

85 

84 

+ 0'92 
+ 1-76 
—0'59 

-2'08 

40 

39 

so 

+0-88 

+0*48 

+0'33 

-1'09 

22 

25 

24 

+0-26 

-0‘08 

+0’46 

-0'09 

88 

34 

36 

+0'60 

+1-08 

—0-44 

—1'80 

88 

40 

84 

—0-45 
—I'Ol 
-1-26 

+2'71 
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Table B— 



Oorredaon 

to 

Error of 

d 

Correction 

to 

Error of 

P 

Correction 

to 

Error of 

StatioE 

Observed 

Triangle. 

•-§ 

Observed 



Observed 

Triangle. 

Angle. 

s 

CQ 

Angle. 

1 Triangle. 

CO 

Angle. 



King- WiriUAM*s Town to Newcastle— continued . 




tr 

ft 


tl 

It 


II 

If 

60 

-0-08 


60 

+0-10 


64 

-0-66 


50 

■ +0-16 

-0-60 

62 

+0-61 

-0-98 

68 

+ 0-30 

+0-06 

67 

+0'68 


61 

4-0-87 


61 

+0-19 


01 

40-80 


59 

+0-03 


66 

-0-07 


50 

+0-28 

-0-42 

60 

-0-01 

-0-08 

68 

+0-29 

-0-29 

60 

-^0-11 


62 

+0-01 


64 

+0-07 


62 

+0-60 


68 

-0-69 


65 

-0-48 


61 

+0-67 

-1-87 

61 

-rO-86 

+1-00 

68 

-0-01 

+0-68 

60 

+0-20 

f 

62 

-^-0-06 

I 


66 

-0-09 




















































91 


Table B— miHnued, 


i 

Oorrection 

to 

Error of 

d 



H 

Oorrection 

to 

Error of 

1 

Observed 

Triangle. 

1 




Observed 

Triangle. 

■3 

tn 

Aiigla 


CQ 


u 

Angle. 


Nbwoastlb to Bblpabt— co/i<mtted. 



It 

n 


It 

tl 


n 

It 

63 



79 



79 

+0-10 


63 


+0-48 

71 


+0*96 

75 

+ 1-28 


Gri 



78 



71 

-0-G4 


67 



71 



76 

+ 0-44 


66 



74 

-0-45 

+1-83 

78 

+0*28 

-1-98 

64 

HeI 


79 



74 

1 

+ 1-2G 


69 

+0-21 


74 

+0-43 


79 

- -0-G3 


GO 

+ 0*24 

-0-49 

7:i 

+0-07 

-0-27 

76 

-0-63 • 

+1-83 

67 



71 

-0-23 


73 

-0-17 


68 



73 



78 

■m 


66 



79 

-0-34 

-0*66 



O 

o 

1 

69 



74 

+0-88 


76 

+0-65 


65 

-0-15 


75 

-0-09 


77 



66 



74 

+0-38 


76 

+0-89 

+0-49 

68 



79 

-0-29 


76 



72 

+0-06 


75 

+0-76 


75 

+ 0-18 


69 

+0-26 


78 

-0-21 


78 

-0-43 

+0-12 

67 

+0-81 


71 



77 

+0-18 


70 

+0-19 


76 

-1-19 


76 

+0-04 


68 


-O-i:) 

71 



78 

+ 0-25 

+0-85 

69 



74 



77 

-0-G4 


71 



• 76 



81 

+0-94 


70 

-0-26 

+0-52 

74 

Hse9 


79 

+0-34 

-1-62 

69 



71 

B| 


78 

+0-84 


72 



71 






71 


+2-26 

76 

-0-06 


79 


+0*66 

69 



76 

-0-62 


81 

—0’47 


78 



74 

-0*86 


71 

+0'41 

■ 

71 

+0-87 

+0-69 

75 


+ 1*41 

79 

+0-86 

-0-96 

72 

-0*94 


76 

+0-01 

' 


+0-20 



Probable error of a single angle d: 0 3G". 


Belfast to Ottoshoop. 



It 

• II 


If 

tl 


II 

It 

82 

-0-29 


86 



90 

+0-08 

—6-89 

80 

+0-62 

+0-86 

86 

-0-42 

+0-87 

89 

+0-07 

81 

-1-08 


84 



68 

+0-24 


88 

-1-89 


87 



91 

-0-18 


82 

+0-21 

+0-63 

86 

+0-48 

-0-02 

80 

-0-19 

+0-89 

81 

+0-66 


86 

mm 


90 

-0-07 


84 

-0-29 


88 



87 

-0-01 


88 

-lO-22 

-0-12 

87 

HS^I 

+0-72 

89 

+0-02 

-0-26 

81 

+0-63 


86 

+0-64 


91 

+0-26 

. 

85 

-0-44 


89 

+0-10 


92 

+ 0-46 

' 

83 

+0-16 

-0-40 

87 


-0-41 

91 

-0-29 

-0-80 

84 

+0-68 


88 

-0-11 


90 

+0-14 
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Table B— coyiUmud, 


p 

Correction 

to 

Error of 


Correction 

to 

Error of 

1 

Correction 

to 

Error of 

o 

Observed 

Triangle. 

.3 

Observed 

Triangle. 

Observed 

Ti'i angle. 

eO 

■«-« 

CC 

Angle. 


'S 

£ 

Angle. 

1 

Angle. 


Belfast to Ottoshoop— continued . 



It 

h 


It 

It 


It 

II 

98 

+0-16 


95 

+0-28 


92 

-0*76 


90 

+0-01 

-0-88 

98 

-0-84 

+0*44 

94 

-0*68 

+2*30 

92 

+0-21 


92 

-0-38 


93 

-1-08 


91 

+0-23 


94 

+0-20 





92 

-0-24 

+0-10 

92 

+0-87 

-1*42 




93 

>-0-16 


95 

+0-85 





90 

+0-18 


98 

-0*09 





98 

-0-81 

+0-24 

96 

+0*67 

+0*60 




91 

-ff-OG 


94 

-0*38 






Pro 

)able en 

ror of a sing 

e angle ± 0 

*36". 





JOHABNESBUSQ TO 

Kboonbtab. 

- 



// 

II 


n 

1* 


mm 

It 

00 

+0*06 


104 

■-0-49 





80 



108 

-0-09 

+ 0-.88 

■niM 



84 



110 

-0-80 

104 



97 



IKW 

+0*44 


109 

-0-51 


80 


+0*98 

■ffia 

+0*46 

-0*94 


-0-39 

+ 1*17 

90 



EQ9 

+0*05 



-0-27 

98 

+0-21 



+0*20 


B w 

-0*91 


97 

+0-09 



+0*73 


KuB 

-0*16 

+ 1*23 

90 

+0-81 



+0*82 



-0*17 

99 

+0-12 



—0*54 


109 



98 

-0-02 

—0'46 


+0*20 

+0*40 

108 

-0«27 

+0*75 

97 

+0-35 


104 

-0-18 


-0*48 

100 




+0*12 


108 

-0*19 


99 

■11^ 

-0*28 

Wm 


-0*17 


-0*80 

+ 1*28 

98 

HEi 





104 

-0-29 





-0*27 


108 

-0*09 


99 

+ 0-27 

-1-03 

106 


+0*59 


+0*11 

-0*12 


+ 0-79 


100 

-0-22 



+0*10 

102 

+0*81 


109 

+0-12 


108 



101 

-0-41 

-0-81 

105 



um 


+0*41 

100 

+0-41 


104 

+0*09 



-0*27 

108 



109 

+0*79 


ns 

-0*80 




+0-97 

104 

-0*27 

-0*98 

■ri|B 

-0*10 

+0*52 

El 



100 

+0*41 




111 

+0-10 


109 

-0-40 


108 

-0-28 



+0-28 

-0-56 

106 

-0*87 

+0*66 


-0-26 

+0*70 

102 

H-0‘11 



+0*12 


Im 

-0*10 

112 

-0-02 



-0*80 





103 

+0-00 

+0-06 

100 

-0-81 

+1*18 




111 

-0-09 







110 

-0-25 










+0-00 



+0*94 




112 

Ha 









■B 

1 

>able er 
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Table B— continued. 


Correction 

to 

Error of 

g 

OoiTeotion 

to 

Error of 

g 

Ooircotiou 

to 

Error of 

Observed 

Triangle. 

‘•S 

Observed 

Triangle. 


Observed 

Triangle, 

Angle. 


$ 

Angle. 



Angle. 



WbPBNBB to CaIiA. 
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Table B— contimud. 



Oorrectiou 

Error of 


Correction 



Oorreotion 


4 

to 

d 

to 

Bn-or of 

a 

to 

EtJ’or of 

•■g 

Observed 

Triangle. 

1 

Observed 

Tmngle. 

'■§ 

Observed 

Tiiangle. 

CQ 

Angle. 


s 

to 

Angle. 

i 

Angle. 


Hopbxown to Wepbiibil 



tt 

n 


// 

n 


n 

n 

134 

-0-06 


IJO 

+0-06 


140 

-0-15 


188 

-0*30 

-0-64* 

185 

-0-06 

-0-05 

188 

-0-88 

+'0-7.1 

182 

+0-90 


187 

+0-06 


141 

--0-26 

185 

+0-12 


188 

+0*20 


142 

-0-07 


188 

-0-27 

-0*81 

140 

+ 0.81 

-1-00 

141 

+0-09 

+0-41 

184 

+0-46 


187 

+ 0-49 


189 

-0-46 

186 

+0*06 


189 

+ 0-21 


125 

—0’64 


185 

—0-92 

+0-88 

188 

-0-18 

+0-09 

142 

+0-28 

+0-08 

184 

+0-03 


187 

-0-17 

189 

+0-28 

137 

+0-42 

• 

141 

+0-38 


126 

+0*10 


185 

-0-61 

-0-19 

188 

+ 0-2G 

-0*68 

142 

+0-95 

-0-27 

186 

+0’88 


189 

+ 0-09 


125 

-0-78 


Probable error of a Binffle angle ± O’21". 
* A triangle in survey of Cape Colony. 


Hopbtown to Kimbbblbt. 



n 

n 

* 

n 

It 


If 

// 

14,t 

-0-87 


149 

-0’29 


164 

-0’20 


182 

—0-11 

+ 1-16 

148 

-0-28 

+0-92 

155 

-0-86 

+0’53 

184 

—0.68 

t 


150 

-0’40 

161 

+0*62 

144 

—0*21 


148 

-O’ll 


161 

—0’52 


182 

—0-26 

+0-54 

149 

-0’04 

-0’08 

154 

-0’06 

+0’80 

148 

—0*07 


147 

+0-28 


158 

+0’18 

145 

+0*25 


150 

+0’08 


16G 

—O’lO 


148 

+0-28 

-0’64 

140 

+0’29 

-0’14 

155 

+0’41 

-I’SO 

144 

+0*11 


151 

-0’18 


158 

+0’99 

146 

+0-10 


152 

—0-89 


156 

+1’01 


148 

+0-19 

+0’69 

151 

-0-81 

+0’79 


—0’44 

-0’57 

145 

—O’98 


149 

-0-09 

161 

O’OO 

184 

+0-12 


150 

+0’88 


161 

+0’14 

, 

148 

—0’18 

+0’44 

151 

+0’08 

-0’27 

155 

—0’02 

-0’74 

346 

—0’88 


154 

-0’19 


158 

+0’62 

147 

-0-27 


154 

+0-08 


161 

+0’18 


184 

—O’lO 

+0’48 

151 

+0’24 

-1’05 

156 

+1’04 

-1’60 

146 

—0-06 


153 

+0’78 


159 

+0’28 

145 

-0.18 


151 

+0-28 


161 

—0’18 


147 

146 

+0’09 

+0’06 

-O’Ol 

155 

158 

-0’66 

+0’08 

+0'’26 

165 

159 

-0’07 

-0’28 

+0’68 

148 

+0-06 


158 

+0’18 


161 

—0’16 


147 

—0’42 

-0’06 

151 

+0’82 

-0’77 

166 

+0’91 

-1’18 

145 

+0’42 


152 

+0’22 


158 

+0’87 

150 

—0-27 


154 

+0-81 

• 

154 

+0’12 


147 

1 1 o 

—0’47 

+1’08 

156 

+0’28 

-1’81 

157 

+0’68 

-1’42 

148 

—0‘84 


158 

+0’22 


153 

+0’62 
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Table B— eontinued . 



Ooirection 



Oorreoiion 



Oorroction 



to 

Error of 

a 

to 

Error of 

1 

to 

Error of 

.J 

Observed 

Triangle. 


Observed 

Tioangle. 

Observed 

Triangle. 


Angle. 

$ 

Angle. 

a 

Angla 

C/J 


tn 


C/2 



FTopjbitown to KrMBKRLEY— oontinued . 



// 

ff 


tt 

n 


11 

n 

158 

+0*19 


168 

+0*66 


166 

+0*46 

■ 

167 



160 a 

—0*12 


162 

+0*12 

-1*711 

155 

+0*42 


161 



162 

+ 0*88 

IGl 



158 

^R|9 



+ 0*02 

' 


+0-19 

+0*69 

159 



152 

+ 0*08 

+0*25t 

158 



160 a 



167 

-0*85 

158 

+0*22 


162 



166 



160 

+0*18 

-1*74 

149 

+0*03 

+0*09» 

167 


+ l*04t 

156 

+1*84 


162 

+0*03 


165 

-0 77 

IGl 



168 

+0*19 


166 

-0*35 



+0*87 


149 

+ 0-1S) 

—0-98* 

165 

—0*76 

+l*68t 

III 

+0*78 


162 

+ 0*55 


162 

-0-37 

IGl 



164 



167 

-0*4l)t 


16C 



168 


+0-85* 

166 



158 



162 

-0*41 


162 



167 



166 


-0-85* 

166 

+o*iit 


154 


-0*14 

164 


165 


155 



162 



152 



168 



152 






156 

+0*45 


165 

+ 0-22 

-0-4G* 





+0*14 


162 







Probable error of a single angle ± 0':)2" 

* Measured by Capt. Gktrdon. t Measured by Oupt Ley. 

All other triangles in this obain belong to Gape Colony Survey. 


Eikbbiblbt to Eboojnstao. 



n 

If 


// 

' n 


It 

ff 

168 

-0*12 


178 

+ 0*14 


107 

+0*80 


164 

+0*18 

-0-87 

170 

-0*09 

+0*02 

174 

t0*26 

-0*98 

165 

+0*81 


172 

—0*07 


176 

+0*88 

I 

169 

-0*48 


176 

+0*01 


170 

-0*28 


168 

-0*19 

+0*78 

178 

—0*80 

+0*69 

107 

-0*26 

+0*84 

165 

-0*16 


172 

-0*80 


176 

-0*85 

171 

-0-08 


174 

+0*10 


105 

-0*61 

■ 

168 

+0*46 

-0*46 

172 

+0*02 

-0*24 

107 

+0*72 

+0*68 

169 

+0*09 


175 

+ 0*12 


176 

-0*84 

170 

+0*05 


178 

-0*22 





168 

0*00 

-0*20 

175 

+0*11 

+0*20 




171 

+0*16 


174 

-0*09 




172 

-0*24 


172 

-0*82 





170 

+0*16 

+0*40 

174 

—0*19 

+1*08 




171 

-0*82 


178 

—0*62 






Probable orror of a single angle ± 0*28" 
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Table B — continued. 



Ooirectioii 



Oorrecrion 



Oorrection 

Ermr of 
Triangle. 

a 

•s 

to 

Observed 

Error of 
Triangle. 

1 

to 

Observed 

Error of 
Triangle. 

1 

to 

Observed 

1 

00 

Ang'le. 

1 

Angle. 



Angle. 



KeOONSTAD to NbWOASTIiB. 



tf 

n 


It 

ft 


ft 

// 

177 

+ 0-06 


180 

+ 0*12 


68 

+0'55 

-O’Ol 

112 

-0-26 

+0-62 

179 

+0-17 

-0-18 

181 

+0’30 

111 

-0-42 

178 

-0*16 


182 

-0-24 


178 

+0-11 


181 

+0-23 


69 

+0-13 

-0-19 

177 

+0-02 

-0-06 

179 

-0*08 

-0-25 

68 

+0’-12 

111 

-0-07 


180 

+0-10 


182 

-O’OG 


179 

+0-88 


182 

-0*02 





177 

-0*01 

-0-80 

181 

-O’03 

+0-89 




178 

+0-48 


180 

-0-84 






Probable error of a eiugle angle ± U'20'' 


KimbbeIiBY to Ottobhoop. 



tt 

It 


It 

tt 


It 

If 

183 

-0*28 


194 

+0*01 


198 

+0’28 


165 

-0-20 

+0-08 

198 

-0-15 

+0*86 

200 

’fO’13 

-O’38 

167 

+0’33 


191 

-0’71 


197 

+0’22 


184 

-0-84 


195 

+0*55 


202 



188 

-0*54 

+0*90 

193 

+0*48 

-1*28 

200 

BS&fil 

+0’63 

167 

-O’02 


194 

+0*28 


199 


183 

-0-68 


192 

+0’94 

-O’ll 

201 

-0-29 


188 

-0-65 

+1*58 

193 

-0-40 


200 

-0’2(i 

+M(5 

184 

-0-20 


195 

-0*43 


202 

-O’61 

186 

+0-08 


196 

+0-85 

-I’Sl 

208 

+0*46 


185 

-0*86 

+0-27 

195 

+0*07 


201 

+0-47 

-1’I2 

184 

+0-06 


194 

+0*89 


202 

+0.19 

187 

+0-16 


197 

-O’lO 

-0*48 

204 

-0*29 


186 

-0’22 

-O’lC 

194 

O’OO 


203 

-0-29 

+ 1’12 

186 

+0-22 


196 

+0*68 


202 

-0-54 

188 

O’OO 


195 

-•0-21 

+1-68 

20b 

O’OO 


186 

+0*06 

-0*39 

196 

-0*82 


204 

+0’68 

-0’.')4 

187 

+0’3S 


197 

-I’OO 


202 

-0’04 

189 

+0-16 


194 

+0*89 

+0*65 

206 

-0-38 


188 

+0-18 

-0’88 

197 

-0’90 


204 

-0’88 

•f 1 ’.37 

187 

+0-50 


195 

-0’14 


206 

-0’6C 



-0’23 


198 

+0*11 

-0’41 

207 

-0*08 


189 

-0-89 

+0*87 

197 

+0*21 


206 

-0-08 

+0-82 

187 

-0-28 


196 

+0*09 


206 

-0’86 

191 

-0-26 


199 

+0*09 

-0*68 

208 

+0’08 


189 

-0*34 

+0*86 

197 

+0*19 


207 

+0’64 

-0’C4 


—0*25 


198 

+0*25 


206 

-0’08 

192 

-0’81 


200 

-0*26 

+0*89 

209 

—0’12 


189 

191 

-O’81 
-0’15 

+0*77 

198 

199 

+0*02 

-0’15 


207 

208 

+0’87 

-0’21 

-O’04 

198 

+0*07 

-0’18 

197 

+0*08 


210 

+0’62 


192 

191 

—0’16 
+0’22 

199 

200 

-0-24 

-0’18 

+0*84 

207 

209 

+0*42 

+0*06 

-I’OO 
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Table B— cmaimud. 


Oojnreotion 

to 

Irror of 

d 

Oorreotion 

to 

Error of 

d 

Oorreotion 

to 

Error of 

Observed 

Triangle. 

•■i 

Observed 

Triangle. 

1 

Observed 

Triangle. 

Ajogle. 

SQ 

Angle. 

■a 

CQ 

Angle. 



BjaiBBBLBY TO Ottoshoop— continued . 



tt 

n 


tl 



tt 

1 • 

211 

+0-69 


216 

-fO-17 


224 

+0-07 


210 

-i-0*46 


217 

-0-68 


228 

-fO-84 

4-0-11 

209 



218 

-0*19 


220 

—0*52 


212 

-0-28 


214 

-1-0-12 


225 

-0*21 

-0-16 

211 

-|- 0* Gl 


218 


-1-18 

224 

+0-46 

209 

-0-81 


216 



220 

-0-09 


213 

-I-0-66 


219 



226 

-|-0*2l 

-1-16 

211 

■f0*86 


218 


-0*87 

224 

H-0‘69 

212 

^0-4G 


217 



225 

-t-O-85 


214 

+0*20 


220 



227 

+0-69 

-2-40 

218 

+0-93 

-1'16 

218 


-0-80 

224 


212 

-i-0-02 


219 



226 

+ 1-20 


216 



221 



92 

-I-1-14 

-1-72 

218 


■ -1-81 

218 


+0-66 

226 

-I-0-87 

214 

-fo-ie 


220 



227 

-hO-21 





228 

+1*66 


224 

4-0-90 

-1-18 

215 

+0-60 

4-0‘49 

221 

+0*06 

-1-23 

227 

-0-48 

214 

-0-81 

220 



92 

4-0-76 


217 



222 

+2-44 


226 

4-0-83 

-1-86 

21(1 

+ 1-06 

-1-49 

221 

-t-o-oi 

-2-18 

92 

—0-38 

214 

-i-O-73 


223 



224 

4-1-41 


218 

-0'02 


218 

+1-06 


98 

-0-89 

4-1-46 

214 

+0*61 

+0*89 

221 



92 

4-0-04 

217 

_0-98 

222 

-0-52 


227 




Probable error of a siu^le angle ± 0*39". 


Tib-Chain thbough KLfltKKSDOBP to 


Kroonstad. 



n 

If 


n 

tt 


n 

tl 

228 

—0*15 


282 

4-0-89 


176 

4-1-63 

-1-89 

216 

216 

+0-87 

—0-26 

-0-46 

231 

230 

+0-48 

-0-21 

-0-61 

288 

236 

4-0-48 

—0-72 

920 

+0*47 


283 

4-0-61 


105 

4-0-40 

4-0-40 

215 

—0'16 

-0-65 

281 

4-0-01 

4-0-89 

176 

—0-87 

228 

4-0-24 


232 

-0-91 

• 

285 

—0-48 


230 

-0-61 


284 

4-0-80 

-1-28 




229 

4-0-66 

4-1-14 

288 

4-1-18 




228 

-1-18 


282 

—0-20 





231 

229 

4-0-40 

—0-40 

4-0-69 

285 

288 

-0-67 

4-0-67 

4-1-26 




280 

-0-69 

284 

—1-86 






Probable error of a single angle ± 0’86". 


( 14181 ) 


G 
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Table B— nonUnmd* 


d 

Oorredion 

to 

Error of 

d 

Oorreotion 

to 

Error of 

A 

Oorreotion 

to 

EiTor of 

o 

Observed 

Triangle. 

*•§ 

Obsetred 

Triangle. 

!§ 

Observed 

Triangle. 

& 

m 

Angle. 


1 

Angle. 

1 

Angle. 


TO LnCPOPO. 



■H 

If 


tf 

n 


// 

tf 

286 



248 

+0-29 


247 

+0'20 


70 

■Sail 

+1-88 

242 

-0-47 

+0-18i 

248 

+0*19 


71 

-0*77 


245 

0-00 

242 

+0-24 


237 



243 

-0*46 


248 

+0-23 


286 


+ 1-20 

244 

—U*09 

+ 1-01 

243 

+0-20 

-0'07 

71 



246 

-0'46 

247 

+0-24 

288 



243 



241 



286 

+0-G5 

-0-80 

244 


+0*07 

248 

-0*18 

+0-48 

287 

■iii 


246 


248 

-0-13 

289 



248 






288 

■sss 

+0-23 

242 


+1-21 

248 

-0-38 


287 

+0-12 


246 


• 

247 



240 



248 



260 



280 


+0-20 

246 


+0*72 

247 


-0'68 

287 

+0-88 


246 


249 

+0-29 

241 



244 



248 



289 

-0-89 

+0-64 

242 

+0-03 

+0-16 

249 


--0-66 

240 

+0*35 


246 


260 


242 

-0-81 


244 



247 



241 

+0-42 

-0-18 

242 

heb 

+0*26 

260 

Hlin 

+0'70 

240 






248 

-0-38 

248 

-C-21 

• 

244 

+0-12 


261 

-.0*20 


241 

242 


+0'18 

245 

246 

+0*83 

-0*28 

-0-22 

218 

260 


+0*61 

248 

-0-29 


242 







-0-26 

+ 0*06 

246 


~0'81 




242 1 



246 

+0*43 





Probable eiTor of a single angle ± 0’26''. 


Sboonoaby C hain Phetobia. to Johannesburg. 


254 

252 

84 

tt 

-1-15 

-0-21 

-0-46 

II 

+ 1-82 

256 

264 

266 

1/ 

+1-66 

-1-86 

+8*78 

II 

-8-67 

269 

268 

267 

II 

+0-85 

+0-85 

+0-84 

n 

-2-64 

268 

84 

251 

+0-98 

+0-85 

-1-88 

268 

266 

266 

+0-81 

-0-63 

+0-96 

-1-24 

260 

258 

269 

-0-77 

-0-78 

—0*77 

+2-32 

262 

254 

253 

+1-81 

+1-89 

+2-99 

-6'69 

264 

266 

258 

+4-10 

-0*69 

-2-24 

+1-17 

261 

260 

269 

-0-86 

-0-86 

-0*36 

+1-07 

84 

268 

252 

-0*46 
+2-01 
+ 1-10 

-2-66 

267 

262 

84 

+0'47 

+0-48 

+0*47 

—1’42 

262 

260 

261 

-0-67 

-0*67 

-0-66 

+1-70 

266 

258 

264 

+4-81 

-3-06 

+2-24 

-8-60 

268 

262 

267 

-0-04 

-0-04 

-0-08 

+0*11 

268 

260 

262 

-0-68 

-0-69 

-0-58 

+1-76 
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Table ^—eoMtuded, 



Oorreofcion 



Oorreotiou 


■ 

Oorreofcion 


•‘S 

.j*-! 

1 1 

to 

Error of 


to 

Error of 


to 

Error of 

Observed 

Triangla 

*j 

Observed 

Triangle. 

H 

Observed 

Triangle. 

Angle. 

1 

ai 

Angle. 


Angle. 



SecondAHY Chain, Pbetohia to Johannesbubo — conimued. 



II 

II 


II 

II 


II 

f9 

2C4 

+0-87 


264 

+0*86 


267 

+0-66 


268 

+0-87 

-I'll 

265 

+0*28 

-1-74 

266 

-I'lO 

+0-88 

262 

+0'37 


96 

+0'66 


266 

-0'44 

266 

+0-85 


262 

+0*18 


96 

+1-46 


264 

-O'lS 

-0*07 

96 

+0-11 

-I'Ol 

266 

+0-70 

-4-88 

262 

-0-16 


264 

+0*72 


267 

+2'17 


96 

+0'56 


266 

—1-14 


265 

-0-34 


262 

-0-88 

-0'80 

96 

-O'80 

+2-88 

267 

+1*51 

-2-83 

265 

+0-68 


265 

-1'44 

96 

+1-16 



Probable error of a single angle ± O'92" 


OOEBEOTIONS TO CENTRE. 


OBaEBYATOBT TTtt.t. (JoeLANNESBUBO). No. 96. 


Instrument eooentrioaJly placed. 



O ... Beacon. 0... NooitTOdaoht 1. 

A ... Paaxdekop II. D ... CaUe PCiU, 

B ... Blijvooruitzicht. 


Data. 

d = 4*38 feet. 


Bearing to Beacon =00 
„ B =67 41 

„ 0 = 126 25 

„ D = 188 68 

A = 343 8 


Log. Distances. 

5*3825 

5*3810 

5*2593 

5*1181 


Resvdtmg Corrections. 

II II 

Bearing to B = + 3*42. Bearing to D = — 0*76. 

,, C = 3*52. ,, A 5= ■“ I’97f 


0 2 


(14181) 
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CoKRBOTiONB TO CsiNTRE — continued. 


Paabdekof IL No. .98. 
Ia£rtruiixeri.t eocentiioally placed. 



P... Beacon. 0 ... BlLjvoomitzioht. 

A. .. EkndflkOT I. D... Johannesburg. 

B. .. Witkop n. 

Data. 

d = 0-09 feet. 

° ' ' Log. Dmtances. 


9f 

99 

99 

99 


A 

B 

0 

D 


0 

0 

— 

185 

0 

5-391 

189 

0 

5-400 

221 

0 

5-421 

286 

0 

5118 


Resulting Corrections. 


tr 


' Bearing to A = + 0*05. 

B = - 0*01. 


Bearing to 0 = — 0’05. 
„ D = - 014. 


WASOiHBAm Pbae. No. 181 . 

Instrument eccentrically placed for four arcs of the angle between B and C. 

B ... Bendearg. C ... Xnku. W ... Beacon. 


e 



Data. 

' d = 87-328 feet. 

o / 

Bearing to Beacon =00 
B =121 50 

■ 0 = 144 54 


99 

99 


Log. Distanoefl. 

5-2393 

5-2316 




Resulting Corrections. 

Bearing to B = + 87"-66. Bearing to C == + 25"-97. 


Tafbl Kop (D.K.). No. 70. 

Instrument eccentrically placed for four arcs of the angle between A and B. 
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CoB.BBXjrTONs TO Cbntbb — cvnimued. 

Manotjtba. No. 238. 
Instrument eccentrically placed. 



For eccentiic heliograph at Thama Koosh, see under that station. 


POBTUQAIi. No. 240. 


Instrument eccentrically placed. 



P ... Beacon. C ... 

.A.... Idatela. ... 

B ... Schnell’s Kop. 

JDoitcc, 

d = 5*27 feet. 

o f 

Bearing to Beacon =00 
„ A = 138 6 

„ B = 227 29 

„ C = 242 27 

„ D = 294 23 


Iron Crown. 
Thama Koosh. 


Log. Distanoee. 

5-2119 

5-4349 

5-3851 

5-5247 


Reavdtmg Corrections. 

I ti i> 

Bearing to A = + 4-46.' ■ Bearing to C s= — 3-97. 

„ B = -'2-94. „ I) =-2-96. 

For eccentric heliograph at Thama Koosh, see under that station. 


Pont. No. 250. 
Instrument eccentrically placed. 





(14181) 


P ... Beacon. 

A... Dogola. 

B ... Lejuma. 

Data. 

c2 = 12-55 feet. 
0 / 

Bearing to Beacon =00 
„ A = 128 32 

„ . B = 200 46 

„ 0 ^ = 229 40 

„ I) = 258 49 

G3 


C ... Blaauwherg. 
D... Dwarsherg. 


Log, OiBtances. 

5-2494 

5-4682 

5-4808 

5-3800 
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CoBBRCTioifS TO Obntbbs— Continued. 


ResuLting Corrections. 

ti 

Bearing to A = + 11*40. Bearing to C 

„ B=:- 3-12. ,, D 


C-52. 

10*59. 


Camp. No. 256. 
Instrunaent eccentrically placed. 



a 


M... Beacon. B ... Meintjes Kop. 

A ... Muckleneuk. C ... Koedoespoort. 
H... Cable Hill. 


jData. 

d = 5*72 feet. 

0 f 

Bearing to Beacon =00 
A = 228 35 

H = 271 9 

B = 273 6 

0 = 331 81 


U 

19 

99 

99 


Logf. Distauocv). 

4*1622 

4*5806 

4*1704 

4*1192 


Residtmg Corrections. 


Bearing to A = — 60*91. 
» H — 30*98. 


Bearing to B = — 79*57. 
„ 0 = - 42*76. 


MuoKiasumiK. No. 253 . 


Instrunaent eccentrically placed. 



M... Beacon. 

H... CaUe Hill. 

B ... Meintjes Kop. 


0 ... Koedoespoort. 
H... Camp. 


Data. 

d = 5*41 feet. 


Bearing to Beacon 


99 


99 


H 

B 

C 

D 


o t 


= 00 
= 67 57 
= 116 88 
= 149 21 
= 185 87 


Ijog. Distances. 


4*4686 

4*0458 

4*8860 

4*1622 


Bearing to H = + 85*56. 
„ B = + 89*82. 


Corrections. 

tt 

Bearing to C = -f 26*25. 
„ D = — 7-52. 
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OoitRBcaioirs to Centres — continued, 
Koedobspooet. No. 255. 
Instrument eccentrically placed. 



K ... Beacon. 

D ... Camp. 

A... MucMeneiik. 


B ... Meintjes Kop. 
H... Cable mi. 


Data. 

d = r-06 feet. 

. • I 

Bearing to Beacon == 0 0 

D = 169 54 

A = 210 41 

B = 236 42 

H = 269 34 


>» 

» 

» 

» 


Log. DistoBooB. 

4-1192 

4-3360 

4- 137'4 

5- 5262 


JResulting OoiTectionn, 


Bearing to D = + 19-40. 

A = - 34-28. 


Beai-ing to B = — 88-70. 

H = - 43-35. 


Mkintjes Kop. No. 254. 
Instrument eccentrically placed. 

B ... Beacon. 



A... Muckleneuk. 
C ... Koedoespoort. H ... Cable mi. 

D ... Camp. 

Data. 

d = 5-62 feet. 

* ' Log. Diatances. 

Bearing to Beacon =s 0 0 — 

i9 ^ ^ 

>» 

99 
99 


c 

= 65 39 

4-1374 

D 

= 120 26 

4-1704 

A 

= 186 50 

4-0459 

H 

= 297 13 

4*3668 


Resvltmg Qorrecdons. 


Bearing to C = + 76*97. 
„ D = + 67-51. 


Bearing to A = — 12-43. 

H = - 44-80. 


Bijjvooeuitziciht. No. 97. 


Eccentric beliograpb at Johannesburg. 



0 ... Johannesburg. B ... Elijvooruitzioht. 

H ... Heliograph. E ... Instrument. 


Data. 

HE = 11*46 feet. EO = 4-33 feet. 

“ ' Log. Distances. 

Bearing to Beacon =00 — 

„ B = 68 14 5-3825 

H = 185 55 — 


Resulting Correction. 
Bearing to H = + 12"-52. 
Q 4 


(14181) 
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CoEBBOTtoNS TO Cbntbe— Gontiwued. 



VUEaBNERAAIi. No. 101, 

Eccentric heUograph at Doomkop:—The projection of the line 
observed from Vliegenkraal passes 0‘17 feet to the east of Doornkop 
Beacon. 

V ... "Vliegenkraal. D ... Doomkop, 

d — 0’17 feet. Log. distance, 5’265. 

Correction to bearing to helio = + 0"'19. 


Eccentric heliograph at Spitzkop II:—The signal light from 
Spitzkop II to Yliegenkraal was 2 inches out of Ime, so that tlio 
observed bearing to Spitzkop H from Vliegenkraal reouiros tho 
correction -f 0"'14. 



V ... Vliegenkraal. S ... Spitzkop II. 
d = 0-167 feet. Log. distance = 5-4041. 


Thama Koosh. No. 237. 


j. 1 . ®taf fhe instmment was moimted in a more convenient position 

t^n that ocrapied by the beacon. On the completion of the observations, 
^e beacon tube was erected on the point which the instrument had occupied. 
Ihus there are mrrectione due, to tV observed bearings of Thama Koosh, at 
Portugal, Iron Crown, and Manoutsa for eccentricity of signals. 



T ... Original Beacon. B ... Iron Crown. 

A... Portugal. 0 ... Manoutsa. 


Data. 

d s= 15-55 feet. 

Bearing to Be«<m = 'o 'o 

» A = 92 8 5-5248 

„ B = 138 3 5-4250 

C = 208 57 6-8619 


Mesidting Corrections. 

If 

At Porti^ = 9-58. 

„ Iron Ckown = — 8-06. 
9, Manoutsa s= -|- 6-76. 


Ibon Cbown. No. 239. 

Eooeutric heUograph at Thama Koosh. see umler that station. 
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CoRREOTiONS TO Cw!(TK&—continued. 


Tafbl Kop (D.K.) No. 70. 
Le6tniug beacon at Ylakfoutein. 



D ... Tafel Kop. “ V ... Vlakfontein. 

Data. 

d = 0-861 feet. 

- ' Log. Distance. 

Bearing of Beacon Top =00 — 

„ D = 330 30 5*2901 

Correction to observed bearing = + 0"*44. 


Baatjrs Bolt. No. 69. 

Loaning beacon at Vlakfontein. 

^ J ... Baatjes Bult. V ... Vlakfontein 

Data. 

d = 0-861 feet. 



* ' Log. Distance. 

Bearing of Beacon Top =00 — 

„ J = 289 15 4-9879 

Correction to observed bearing = + l"-54. 



Spitzkop II. No. 102. 

Leaning' beacon at Elandskop If:—^The disc of tbe beacon 
-w^as leaning inches towards Liebenberg Stroozn. 

.3 ... Spitzkop ir. E ... Elandskop IL 

Angle at E'=’62°. Log. distance = 4*9597. 

Correction to observed bearing = — 0"*25. 


Thaba Tsiteu. No. 119. 



^ Leaning beacon at Eikhoele:—^The beacon Dikhoele 'was found 
to be leaning in such a way as to decrease the apparent bearing of 
the point at Thaba Tsueu by an arc whose linear meastpre was 
0-16 feet. 

T ... Thaba Tsueu. D ... Dikhoele. 

Angle” at D = 90°. Log.''distance = 4*7709. 

Correction to observed bearing = + 0"*56. 
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CoBaBOTiONS TO Cbntbe— continued. 


Leaning beacon at Jammersburg;—The beacon Jammersberg was found 
to be leaning firom the point Aasvogel £op. The 
displacement of the disc was 0‘075 feet. 

T ... Thaba Tsueu. J ... Jammersberg. 

Angle at J = 107° 88'. Log. distance = 5*1312. 

Correction to observed bearing = — 0''*11. 




Dikhoblb. No. 121. 

Leaning beacon at Jammersberg. See Thaba Tsueu. 
D ... L>ikhoele. J ... Jammersberg. 

Angle at J = 130° 27^ Log. distance = 4‘989G. 
Correction to observed bearing = — 0"*12. 



M 


J 


Maboxa. No. 117. 

Leaning beacon at Jammersberg. See Thaba Tsueu. 

M ... Mabula. J... Jammersberg. 

Angle at J = 82° 18'. Log. distance = 5*1854. 
Correction to observed bearing = — 0"'05. 


H 


W 


Hblveltn. No. 129. 

Leaning beacon at Wascbbank Peak:—^Thebeacon Waschbank 
Peak was mund to be leaning in such a way as to increase the 
apparent bearing of the point at Helvelyn by an aro whose linear 
measure was 0*07 feet. 

H ... Helvelyn. W... Waschbank Peak. 

Angle at W = 90°. Log. distance = 5*3200. 

■ . Correction to observed bearing = — 0"*07. 


SomraLii’s Kop. No. 241. 



Leaning beacon at Iron Crown:—^The beacon Iron Crown was 
found to be leaniz^ in such a way as to increase the apparent 
bearing of the point at Schnell’s Hop by an arc whose linear 

measure was 0*063 feet. 

« 

t 

S ... Schnell’s Kop. I... Iron Crown, 

Angle at I = 90°. Log. distance =: 4*8640. 

Correction to observed bearing = — 0"*18. 
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AlUrUSTMBiNT OT’ EiaUEBS. 

4. (a.) With one exception, the complex figures of the triangulation were Methods of 
adjusted by the method described in the “ Great TrigonometriMd Survey of adjnstment. 
India,” VoL JL, pp. 104-6, and also in the “Eeport on the Geodetic Survey of 
South Afidca,” Vol. I, 116-126. The excOTtion is iPigure X, which was 
adjusted by the methoa described in Vol. 111. of the “ Geodetic Survey of 
South Africa,” pp. 20-22. 

(b.) In general, a simultaneous solution was made of the whole of a figure. Exceptions. 
The exceptions are:— 

1. The figure surrormding the Wepener Base (Figures IX and X). 

Figure IX. was adjusted for Mir. Simms’ angles before Captain 
Gordon’s observations in the neighbourhood reached the computing 
office. When these were reoeivea it was seen that the triangles in 
Figures IX. and X. were involved, but as it was evident that the 
positions of the stations would be little altered thereby, and in view 
of tbe necessity for completing the work as speedily as possible, it 
was not considered desirable to make a simultaneous solution of the 
whole figure. The triangle Jammersberg, Thaba Tsueu, Gobo Gubo, 
was therefore considered fixed by the adjustment of Figure IX. 

With this condition a simultaneous solution was then obtained for 
Figure X. 

2. Fibres XIL and XIII. The angle at Aosvogel Kop, between Tarantal 

Slop and Boshof Hill, was adjusted in Figure XTI. for Captain 
Gordon’s observations on eight arcs, and considered fixed in Figure 
Xm., for. Captain Ley’s observations on four arcs. 

3. Figures XXIV. and XXV. (Second^ Triangulation). The triangle 

Cable Hill, Muckleneuk, Meintjes Fop, adjusted in Figure XXIV., 
for measures with the 8-inch theodolite, was taken as fixed in Figure 
XXV., measured with the 6-inoh theodolite. 

(a) The data and results of solution for the various figures are given in EesnltB. 
the following pages:— 


Figural Equations. 


Niwoastlb to Belfast. 


Figure I. 



L .,. Lugberg I. 

A ... Hlamimpesi Berg. 
N Nthabankulu. 

I ... Inbwelo. 


Observed Angles. 



0 

/ 

II 


o , 

/ 

II 

1 = 

62 

82 

14*18 

6 as 

70 

51 

88*87 

2 s 

51 

11 

81*84 

6 = 

46 

26 

22*61 

8 = 

25 

49 

58*10 

7 = 

81 

86 

5*87 

4 = 

82 

6 

56*67 

8 = 

40 

26 

20*27 


Equations to he satisfied. 

*1 + — 0'08 = 0 

®4 + ®E + ®il + ®7 “ = 0 

®B + % + ®4 + ®6 — 0’42 = 0 

+ lO’Ssei — 17’Oai^, -(• 48'&ii^ — 4* 7’8*ii — SO'&Bj + 84’2oiij — 24*7a^ — 9'00 = 0 


ResuUing Corrections. 

n n It II 

(R =5+0*10 aj3 = + 0"08 ®5=+0*80 aw=+ 0*60 

0*11 ®^ = +0*20 ajQ=+ 0*87 fl^ = +0*01 
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Figtjjral Equations—^Newcastle to Biilfabt — continued. 



Figure II. 


U ... Verloren Vlei. 

D ... Tafelkop (D.K.). 
W... AVonderfontein. 

J ... Boatjea Bult 
V ... Vlakfonteiu. 

K ... SterkfonteiiL 
T ... Tafelkop (Brmelo). 
B ... Blaauwkop. 

E ... Elandsberg Ill. 

P ... Spitzkop 1. 

Jj ... Langberg I. 

A ... EQamimpeai Berg. 

Observed Angles. 



0 

/ 

#/ 


1 ; 

1 

It 

1 = 

90 

10 

82-82 

20 = 

41 

82 

46-38 

2 = 

34 

18 

46-87 

21 = 

120 

68 

24-80 

3 =: 

68 

28 

16-12 

22 = 

40 

10 

14-36 

4 = 

62 

29 

66-56 

28 = 

62 

60 

26-32 

5 = 

92 

28 

69-66 

24 = 

88 

30 

8-06 

C - 

22 

3 

30-63 

26 = 

46 

60 

26-73 

7 = 

66 

23 

8-37 

26 = 

66 

22 

63-60 

8 = 

34 

26 

22-36 

27 = 

73 

4 

26-77 

9 =: 

116 

67 

48-63 

28 = 

14 

27 

12-97 

10 = 

29 

43 

38-98 

29 = 

44 

34 

24-66 

11 = 

46 

49 

61-80 

30 = 

72 

89 

66-28 

12 = 

74 

42 

6-99 

31 = 

116 

6 

16-62 

13 = 

26 

16 

0-81 

82 = 

60 

66 

7-34 

14 = 

91 

16 

7-99 

83 = 

46 

24 

1-49 

15 = 

64 

64 

66-47 

84 = 

26 

47 

62-81 

16 = 

82 

86 

7-58 

85 = 

93 

10 

42-67 

17 = 

42 

13 

47-09 

86 = 

41 

61 

66-81 

18 = 

116 

42 

43-84 

37 = 

22 

2 

40-64 

19 = 

46 

89 

29-83 






Equations to be satisfied. 


a*l +2*7 +0*8 
+0*0 +^10 
+ ^^11 + ^13 
^4 + •'^18 i " 

+ »'1B + **’ia 
+ ®17 4" ®1B 
*^10 + «^84 + ® 8 B 

% + a-gj + Xgj 
% + *“^38 + *» 

«iio + sTaa + ®’as 
“in + ®'8a + ®^ii7 

_L rt» 


+ 

+ 


+ 

+ 

+ 


+ 14 - 6 x 7 


— Xjo — asgi + Xgg 
10 - OOtt " 86 - 9xjg 

4" Xm 
+ if- 8 X 11 


5'7a!ij, 

+ 

42-7xig 

+ 

!• 

. i \ 

+ 

0-5iB„ +14-7x15 

— 88 -Oxig 

+ 

23 * 

+ 

10 - 2 xu 


79 

- 1 -Oxii 

““ 52 * Otfjg 

14-7Xi5—10-2xi8 

+ 24-9x22 

— 

10 * 82 !^ 

+ 

0 - 6 xg- 



+ 20 ’ 6 a?jg 

— 

20.4xg, + 9-6xgg 

- 6-4x„ 

+ 

81-70!^ 

— 

21-3xgg 

+ 

67 

— 23*70*3^,— 

0 - 6 xg^ 4 " 6 - 4xgy 

•l-ll’7xgg 

— 

20 * 10:33 

+ 

41-7xg5 



* 

' 

+ 1 -lXgg 

+ 

23*50:83 

— 

62-Ox^ 

— 

24 


0-70 = 0 

0-47 = 0 
0-20 = 0 
1-16 = 0 
40 = 0 
63 = 0 
27 = 0 
lls=0 
30 = 0 
84 = 0 
88 = 0 
68 = 0 
00 = 0 


Resvhmg Corrections. 


= +0-2fi 
=-0-65 
=—0-17 
=- 0 - 01 - 
*■5 =—0-09 

asg =+ 0-21 

a-, =+0-81 
= + 0-00 
0-78 

=— 0-88 


IBa 


“8 


a-,i=— 0-10 

flJig =— 0-25 

% = + 0*19 

a:i4=-r-0-06 
= + 0 - 08 
<Big=-0*-l6 

®i7 =? + 0-24 
a-io =+ 0-04 


= — 0’09 


®so = -0-07 
=+ 0-16 
0 - 88 
a^ = -0-15 
a^ = — 0-48 
a^ = -0.01 
X2fi=+ 0-29 
9-97 = + 0-07 
!r«=—0*41 


MO 


®89 — + 0 - 09 
®80 — 0-11 
a^j = + 0-80 
(Egg =-j 0-,12 

01 ^ =— 0-42 

!B^ = + 0-06 
Xg, =— 0*86 

a^=+ 0-19 
Xgy =— 0-55 
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Fiqueal Equations—NE waASTLB to Bbleas'u— cojiiijiMcc?. 


Figure m. 



L ... Langekloof. 

N ... Nom end, Belfast Base. 
M ... Mai'e’a Eop. 

S ... SoTitli end, Belfast Bose. 


Observed Angles. 

0 1 '■ II 

1 = 46 46 39<6Q 6 = 82 85 40-48 

-2 = 64 29 4-48 C = 64 8 66-02 

3 = 49 « 17-78 7 = 49 28 27-20 

4 = 48 46 67-83 8 = 29 86 69-09 


Equations to he satisfied. 


. , !ri + a!8 +8-, +8*8+0-49 = 0 

3-8 + *8 “4 + 9'a = 0 

®4 + <« B + “■# + % — 0-02 = 0 

+ lO-S®! — 16 -O.t, + 18-2a)B — 22-0a!4 +32-9J-, - 15-2i<-B + IS-Oa-y — 37-0ai8 + 78-0 = 0 


Resultirng Gorrections. 


iDi =— 0-64' 

ifc=+ 0-18 

a!i,=-0-42 
a»4 =+ 0-65 


“““ 0-43 

a-j =+ 0-26 

itj =— 0-35 
a^=+ 0-39 



... Bheuosterkop I. 
... Paardekop 1. 

,.. Groot KietVleL 
... Verloren Vlei. 

... Panplaats. 

... Lanmldoof. 

... Belinsb 
... Mark’s Kop. 


Of. It 

1= 86 42 51-25 
2 = 36 2 69-96 

8 = 78 57 44-19 

4= 58 26 13-12 
6= 12 84 6-69 

6= 26 25 42-81 
7= 88 36 0-72 

8= 35 16 26-04 

9 = 108 54 89-18 
10 = 49 18 47-96 


Observed Angles. 


11 = 32 81 4-74 

12= 18 49 83-92.- 

13 = 22 68 58-16 

14 = 26 16 16-68 

15 = 66 18 82-81 

16 = 79 54 84-71 

17 = 45 85 6-49 

18 = 38 23 44-58 

19 = 24 44 40-94 

20 = 84 27 48-86 


o t n 

21 = 100 89 56-72 

22 = 68 48 - 89‘12 • 

23 = 67 26 17-16 

84= 7 56 59-40 

26= 48 45 25-26 
26= 26 87 48-29 
27= 15 87 44-97 
28= 48 2 61-18 

29= 62 42 26-11 
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Eiqubal Equations— iTBWOASTLB to Bblfabt— (HmUTmed, 

Equations to he Satisfied. 

aJi + a!j| + o^ + !r8 + 1'42 =5 0 

»4 + an + aj + (By + 0*77 = 0 

®9 + ws + *4 + ®5 + = 0 

+ 29*8i», - 80-0a)a + e-laig - IS'Oa^ + 94*4»5 - 44*2a!j + 2-4(r, - 29*8a^ - 38-6 = 0 

®o + + aiji + asjg + ® ij 4" ®j8 + a^g — 0 ■ 14 = 0 

s*o + ®ii "t" *18 ®io "■ 2*02 = 0 
+ 30"0». — 94*4(8. — 16‘9ani — 16*9jhs + 49*9aj8 — 81*9aia + 46’7a!ij + 37-0 = 0 

aig + IBio + a!]j + ffgj + 0*01 = 0 
*10 + ®i7 + a>i8 + a^i + ajgg + 1*4C = 0 
— lO'Oahi H* 44’9a^ —• I'lani. —• 4‘laig + 45'7a}^g — 184'2argg + 16*6ajgg — 60’1 = 0 

an* + a^iT + aigg + a^ + aigj + 1 ’ 00 := 0 

+ 81-0af,j - 18-0a!i4 + 4*1^17 - 37-8a>i8 + IS'irgg - 16*6ai,4 - le-Cagg - 20*9 = 0 

*16 + *93 + *88 “ = 0 

*81 4" *80 "t" ®TMI 4" 0"68 0 

*10 + + a^ — 1’69 5= 0 

*80 a^i + ®a84‘®8s + a^j + a!jg = 0 

+ 44i^»i 4 ~ 9*8a)i5 + 3‘7a‘ij — 20'0a’i7 + 42’Oa^ — 76’3a^ + 18*9a^ - 16-Oa^, + 98*6 = 0 



Besidting Corrections. 


9/ 

19 

99 

>9 

il II II II II II II II 

4 1 1 II 1 1 1 

OoOOOOOO 

OOOOOOIOOO 

X Q =+ 0*4.4 
=3— 0'f)3 

0*11 “ 0*88 
a*ijj=+ 0-38 

,7?,4 =— 0*47 

01 , =4 0*34 
ah» =4 0'04 

Oig=-0*21 

010 = 4 0*28 

0 ^ =4 0*34 
*«=-0-18 

0 joi =4 0*86 

=+ 0*10 
fOjj =3— 0*29 
fljg- =— 0*34 
0*30 =-0-47 
ote=+0-94 

0*5; =+0*20 

ojjiQ =3— 0*08 


Bblfast to Ottoshoop. 


Figure V. 


K ... Kaalkop I, 

D ... PilandsWg. 
T ... Tafdkop. 

P ... Onverwaoht. 
£ ... Bnzelberg. 


Observed Angles. 

0 t rr o r u 

1 = 88 41 89*66 7 = 64 22 62*29 

2 = 16 42 44*47 8 = 86 81 47*70 

8 = 28 16 24*96 9 = 78 8 8*38 

4 = 56 14 20*99 10 = 82 8 28*07 

6 = 46 42 40*12 11 = 109 46 89*69 

6 = 88 28 48*48 


Equations to he Satisfied. 

asi + dig + asji — 0*26 = 0 

®4 *!■ *8 + ajg — 0*89 = 0 
fflg + aiy + (Byg + 0*89 = 0 
an + a^-aig-Bjg — a)^-- 0*41 = 0 
4 81'6»| — 70*lai + 49*0(16^1 — 14*104 + 20*6B( — 2*4a!g + 10*lai^ — 28*4a!g + 44*6 = 0 


Residting Corrections. 

II II II 

(B,=-0*01 ®g=+0*08 00=4 0*07 

i&=4 0'42 ®g=—0*07 a!io=—0*19 

(&=—0*11 *7——0*18 (Bn =4 0*02 

04 = 40*24 0^=4 0*26 




Ill 


FictuBAL Equations—Bhlpast to Ottobhoop— coniintted. 



ngare VI. 


T ... Yergenoeg. 
S ... Enzelberg. 

F ... OnverwEicht. 
W... Witkop I. 


Observed Angles, 


o 

1 

II 

0 

1 

II 

1 = 61 

88 

66*92 

5 = 65 

27 

88*11 

2 = 44 

80 

17*41 

6 = 58 

62 

4*48 

3 = 40 

88 

48*65 

7 = 26 

17 

2*22 

4 = 89 

28 

16*76 

8 = 38 

16 

68*45 


Equations to be satisfied. 


®i + s^ + ®j + a>g“ 0‘80 = 0 
®4 + ®’b + ®« + ®7 + — 0 

iBj + <a. + ®* + ®(— 0*38 s= 0 
+ ll'4a^ — 21‘4a^ + 24*5a;^ —26*0*4 + ll'Ca-g — 12*8*0 + 42*6*^— 32*1*^ — 44*0 = 0 


§> 

— + 0*13 
au = + 0*01 
a^ = + 0*46 


Eesfidting Cori'eotions. 

II 

*4= — 0*24 
*0 =; + 0*16 
*0 = — 0*31 


(r 

a^ = + 0*28 
<4 = — 0*29 


Figure VII. 



N ... North end, Ottoshoop Base. 
V ... Yei'genoeg. 

W ... Wiliop I. 

S ... Sooth end, Ottoshoop Base. 


Observed Angles. 


1 = 60 1 8*96 

2 = 24 41 31*89 
8 = 26 27 28*82 
4 = 88 14 29*42 


O / tl 

6 = 40 186 81*82 

6 = 17 29 48*09 

7 = 88 89 19*02 

8 = 78 49 49*76 


ah + ®9 + ®ii*+'®l8 — 1'42 = 0 
asg + a^ + *4 + *0 4- 0*60 = 0 
®4 + ®i + o* + as, + 2*86 = 0 
+ 17*7*1 — 46‘8a^ + 42*8*0 — 0*7*4 + 24*6*^ — 66*8*, + 81*7a», — 4*lai^ + 82 = 0 



JResuUing Corrections. 

tt 

If 

*1= +0*28 

aj4 = — 0*68 

*^ = + 0*67 

jBg = — 0'69 

a^ = + 0*20 

aj^j = — 0‘84: 


II 

a, = -0*76 
a% = + 0*87 



112 


Figural Eqoattons—J oHANNBSBtnftO TO Kboonstad. 


Fig. vra. 



0 

t 

n 


0 

( 

II 


0 

/ 

II 

1 =25 

46 

48-16 

1C = 

46 

6 

43-93 

81 = 

63 

82 

34-m 

2 = 82 

16 

26-52 

17 = 

66 

49 

7-91 

82 = 

69 

7 

46-61 

8 = 25 

59 

.56-77 

18 = 

61 

47 

17-13 

38 = 

101 

45 

20-19 

4= 66 

86 

30-89 

10 = 

28 

80 

5-04 

84 = 

26 

10 

16-16 

6 = 71 

46 

39-78 

20 = 

69 

29 

66-81 

36 = 

13 

40 

IH-96 

6 = (U 

56 

66-92 

21 = 

37 

60 

41-73 

36 = 

66 

43 

30-31 

7 = 79 

19 

61-12 

22 = 

17 

16 

26-32 

37 = 

3 

40 

6-23 

8 = 3H 

4 

27-71 

23 = 

10 

29 

6-66 

88 = 

86 

55 

6-32 

9 = 38 

26 

49-86 

24 = 

28 

66 

20-2« 

39 = 

68 

0 

43-20 

10 = 96 

27 

80-76 

2C = 

122 

87 

46-11 

40 = 

10 

42 

17-27 

11 = 69 

12 

18-10 

26 = 

86 

10 

8-74 

41 = 

20 

40 

22-21 

12 = 64 

68 

88-09 

27 = 

6 

17 

47-72 

42 = 

14 

80 

89-88 

18 = 96 

66 

20-82 

28 = 

44 

1 

82-77 

43 = 

75 

47 

69-86 

14 = 46 

17 

25-08 

29 = 

81 

86 

82-74 

44 = 

42 

41 

46-11 

15 = 62 

86 

46-02 

80 = 

29 

86 

10-64 






EquMions to he satisfied. 


»8 + !Bis + fl'lB — 0-04 = 0 
®S + *4 - ®U ~ ®1B - »'18 “• *17 - *18 + = 0 

o-r)r» = () 
0-06 = 0 
0-06 = 0 
0-88 = 0 


+ a'a + a'u — 
as, +*8 -f a!]B + 

®i + ®io + * 1(1 + 

*11 *19 *17 "!■ 

+ 88-8a!g — 48-2®^ + 9-2®^ — 6-9®j -f ll-8®j — l-O®^ + 26-8®;, — 26-6a!^ — 2-0®jo 

- 12-6!Bii + 14-7»i 8 + 2-2a:]3 - 30-7 = 0 

— ®19 — *la + *19 + *90 — *80 — •*S7 — *98 — *» — I’Sl = 0 

®in *98 + *83 + *84 + *90 + ^ "t" *98 9-46 = 0 

aij + aigB + irga —0-17 = 0 

®ii —9-4®i,y + 16-6®,g — 88-8®]g + 12-4%) — 14-7% 

14’7®88 26-7(P8g 4* 26*7(% + 19-4a-jja -I" 29-7 = 0 

% + ®88 "I" *90 + % "t" *39 •+• 1'23 = 0 

% + %+ % + % +0-16 = 0 


+ 48-6»i - 88-8*8 + 12*f 
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FiauBAii Equations—J oHANNBSBuaa to Keoonbtau— oontinmd. 


+ 27-la-ji -.67-ar*, + 113-73-j, - 88-la>ai - 28-afja + 18-laii7 + 18-la^ - 25-1 = 0 

+ (Tja + a-ji + + % + 0'75 = 0 

»33 + + *80 + 1’28 = 0 
+ 17*4fl!jj — 88'la'gj — 209’0j!jy + IS’la-jg + 17‘4a;3j + lY'laijj — ll’‘Ji»3j + 808'6% 

+ 99’8 = 0 

®81 + *f«s + »’wi + ®S7 + “'SH + “'ll + 0*70 = 0 
— 66'Gr^ + 9G'83'a3 — 17‘4a)^ — 17'4j’j|5 + 11*9% + ll'GiTgy — 28 ‘Oj^ + 12*2j!j,i + 9'0 = 0 

®81 ®41 *49 *48 *44 "t" 0 ‘ 89 = 0 

a-jB + a^i + a-ja + a^j + aSji + 1-18 = 0 
•" 89*4^*33 4“ 86*4 j" 23 *“ 28'8*i!33 ■4* 65'84!^^^ ^ 80*5a!^ 21*6a?^ “■ 2l * Gai.^ *4“ 25*9 — 0 

*86 + *88 + % + *88 + ®80 + *40 + 0*52 = 0 
+ 17’4a'jj + 15'6a!3]^ — 8 ' 0 j’ 3 j + 17’4irjn — 69 ^X 33 + 76’9a)^o — Si'Sai^j — 12'2 =: 0 


JiesuUing Correctiom. 


II 

It 

It 

ti 

a*! =+ 0-12 

a-ia =— 0*49 

a!'g3 = — 0*17 

a*3i=- 0*10 

aij, =+ 0*44 

3!i3 =+ 0*05 

iTgj = — 0*37 

^*36 

*8 =~ 0*25 

a!i4=+0*28 

a*3g = + 0 * 16 

=— 0*10 

=— 0*12 

a!i6 = + 0 * 06 

=— 0*27 

aJs7 =— 0*08 

aig =+0-11 

!Bi3=-0*10 

a*^ “ + 0*38 

Tsa =:— 0*01 

asj =+ 0-lG 

Xy =— 0*09 

irgg=— 0*29 

«^80 =“ 0*08 

Xj =— 0*09 

rja=+ 0*45 

aSjm 0*11 

x^Q=i 0*00 

aig =— 0*02 

*19 — ^ 0 * 32j 

a*3o =— 0*40 

0*41 =- 0*89 

Xf =— 0’81 

a*3Q — 4“ 0 * 26 

or^i =— 0-46 

aj.4B=:+0*12 

a.io=-0-26 

% =+ o*fi 

aJoB =— 0*05 

a?4B =— 0*06 


Ojjjj =— 0*16 

ai33=+0-12 

=: — 0 * 16 
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Figukal Equation's—Kroonstau to Wbpbnbb— continued . 
Equations to he satisfied. 

00^ + ®10 + ®11 + + ®L0 + ®17 _ 

^ + ®17 ^ ^ ^*1 + 

®1 + _ 

®8 + ®4 + ®5 + ^7 _ 

®1 + + ®8 + ®4 + ^ ( 

+ AJj^f + a?i3 + ffi9 — ®9o ®91 ®83 _ I 

^®2T8-0^®i*^*178-6<». - 178-5ar, — 265’6as, + 181’2a^ — 7-6»i8 + 2*8 jbib + 

— 68*8 xb — G0'2a‘. —86'6iB7 —86‘6i»g + 10*8ar|, — IWa^ — ll'4®ja 17’l«rj, 

+ 12'0a!! — 22*0r« — 22'0a% — 1’6 au — 4*6a!g + 27*8!% + 27-8 ajjg + 8-6 Cig + 

+ 8’8®B~214’8iBio + 40’8#i8 —0*8a!i;+10-8 ir» —98*0!Bji — 

Resulting Corrections. 


•47 = 0 
•51 = 0 
•72 = 0 
•4f> = 0 
•86 = 0 
1-44 = 0 
1-14 = 0 
1-18 = 0 
•7(5 = 0 
7 = 0 
7 = 0 
163 = 0 


All = - 0-04 
3/0= +0-22 
a!g= -0-12 
». = + 0-82 
», = + 0-07 


iTfl = 

+ 0-26 


-0-19 

®19 

au = 

+ 0-44 

®18 = 

+ 0-12 

<^90 

1 

sr^ = 

- 0-6-1 

^0 = 

+ 0-16 

^•91 

a?9 = 

+ 0-01 

®]7 

+ 0-14 


iPl0= 

- 0-41 


— 0-22 

®9S 


= -0>16 
= - 0-68 
= + 0-28 
= +0-15 



1... Mabnla. 

2 ... Machache. 

8 ... Jammersberg. 


4 ... Thaba Tenen. 

5 ... Qobo Gobo. 

6 ... Thaba l ataua. 


1... AasvogelBerg. 

8 ... Koesbwg. 

9 ... LeinoenmteiD. 


O ! ft 

li = 82 18 82-62 

1. = 87 89 6-64 

ilg = 28 46 26-47 

li=18 66 40-22 

2, = 49 61 21-24 

2g = 46 26 84-69 
8 | = 76 19 49-28 
8 ,= 7 21 21-06 
84 = 8 16 1-49 


Observed Angles. 

o r II 

8< = 84 8 67-68 

4s = 66 67 9-16 

4g = 60 11 9-12 

£ = 88 16 6-62 
6, = 16 80 62-91 
&s = 94 86 6-92 

6 . = 54 82 48-10 
61 = 62 28 88-14 
6, = 48 68 47-16 


O I II 

6g = 27 18 69-92 

7, =69 16 26-29 
7*= 6 69 66-81 
7g = 42 21 69-87 

8 , =46 46 19-80 
81 = 16 16 48-84 

8. = 87 12 46-90 

9, =26 42 1-07 

9, = 28 28 60-62 
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Fioubal Equations—Kboonstad to WEPBaraa— 


Fixed Angles. 

o f ir o I II 

8 g = 65 0 50-60 4i = 46 39 21-18 


O I It 

64 = 68 19 51-28 


Approximate Go-ordinodes Origin 29® 45', Lq — 28®. 


fl) 

( 2 ) 

li 

(7) 


Y. 

+ 288863-7 
+ 88206-2 
+ 809394-66 
+ 178648-30 
+ 290770-68 
+ 2605S-0 
+ 298950-7 
+ 329066-0 
+ 608229-0 


X. 

- 148994-0 
-142511-8 

- 16629-27 
+ 19061-63 
+ 88586-86 

- 7810-8 
+ 199623-0 
+ 189770-0 

- 14820-0 


H 2 


( 14181 ) 



FiGtTRAii EQUATTOire—K boonstad TO Wepbneb— Continued. 
ObsereaUon EquoOions. 
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PiauEAL Equations—^Kboonstad to Wbpbnbb— contmued. 


Resultvnjg Corrections. 


as(l)i=+0-20 
*(!),=-0-43 
a!(l)g s=+ O'CO 
»(1)4=-0-59 
® f2\ =— 0’28 

»f2k =+ 0’08 

®?8X=— 0'58 
® (SSg — *4* 0 * 

® (8)4 = +0-41 


a(S)5=-0'10 
«(4S = +0-18 
®(4)j=-0-18 
01 ( 4 ) 4 =-0-51 
® (5\ =+ 0’38 
®(5)g=+ 0-61 
ffi(5^ = + 0*05 
®(G)i=-0-24 
®(C)j=+0’22 


®{C).=-0-01 
®(7), =- 0-04 
®(7)j=+ 0-10 
®(7)s = +0-63 
® (8V =+ 0’46 
®(8)g=-0*89 

®(8)j=+0’01 
®(9)j =— 0*06 

®(9)j = 4. O ’89 


Hopetown to Wbpbnbr. 


Flgare Zl. 



P ... Flatkop. 

L ... Lokslioek. 

D ... Drie Baden. 

B... Lnipers Bond. 

P ... FanrenmitU Uill. 


Observed Angles. 


0 

r 

II 

0 

r 

II 

1 = 87 

85 

46-99 

7= 81 

49 

87-92 

2 = 68 

4 

88-49 

8= 48 

66 

4-36 

8 = 41 

27 

14-89 

9= 48 

28 

11-16 

4 = 24 

41 

67-24 

10= 86 

28 

12-68 

6 = 29 

81 

49-38 

11 = 126 

46 

16-10 

6 = 47 

68 

2-69 





+ 0 * 9®]^ — 16 ’ 8a^ + 28 ■ ( 


Equations to be saUsfied. 

asi + Wg + a# + 0’74= 0 
Bg + B 5 + »io — I’OO = 0 
+ aj -f *11 -f O’OO = 0 
“a + ®r - ®o — ®io — »ii — 0'68 = 0 
, - 46-8*4 + 87*2*5 - 18’0*o + 84’Oas, - 21’8 *b - 36’9 = 0 


If 


ResvMng Corrections. 

n It 


ft 


a?i =— 0'16 
ajj=+0-81 

033 =+ 0*49 


a!4=-0-17 
®5 = +0-21 
©3 =+ 0*09 


flSjr = + 0*88 
a%=:--0*26 
0^ =— 0*88 


®io 0*20 
Qjji =— 0*13 


Hopetown to Kimbbklet. 


Figure ZU. 


B 



B ... Boehof Bill 
T ... Tozantal Sop. 
B ... Bondef ontein. 
P ... Paardeberg. 

S ... Scholtzkop. 
k ... AaevogelKop. 


Observed Angles. 


o I If 


1 = 21 

41 

61-26 

2 = 48 

87 

68*09 

8 = 68 

14 

67-16 

4 = 64 

29 

12-90 

6 =49 

82 

49-42 

6 = 46 

62 

29-64 

7 = 76 

9 

2-21 


a 

/ 

II 

8 = 28 

89 

61-27 

9 = 61 

44 

81-60 

10 = 86 

67 

29-87 

11 = 72 

20 

40-68 

12 = 89 

86 

87-64 

13 = 58 

68 

29-64 

14 = 66 

68 

0-76 


H 3 


(14181) 
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Figural Equations—^Hopetown to KiMBUBiiET— continued. 
Equatiom to he saiisfiGd. 

®i + iTio + ®ii + 0'10 = 0 

iCa + 0*40 = 0 

+ osy + aj^g — 0-35.= 0 

(T^ + Cg + + 0*86 = 0 

flSg afg fl7]o0 * 92 iss 0 

+ 62*9 ®i — 22*1 + lO'Gfflg — 10-1054 + 17'9 osg — 20*4a!g + 5-6 os^ 

— 88-5 + 11-4 ®9 - 1-5 ajio + 11-1 = 0 




Resulting Corrections. 



It 

ft 

II 

ft 

ai = 

+ 0*08 

Cg = — 0-22 

ag = + 0-21 

®ia = + 0 ' 08 

aj = 

+ 0*19 

OJg =: + 0*18 

a,o = + 0*08 

0^18=-. 0-01 

a^ = 

+ 0*19 
-0*22 

+ 0-18 
= + 0*22 

a,i = — 0*1G 

0514 = — 0’41 


A 



B 


Flgmre XHL 

E ... Eajueelpw 11. 
B ... Boshof Mill. 

A ... Aasrogel Eop. 
T ... Tarantal Eop. 
ti ... Spion Eop. 


Observed Angles. 


0 

■/ 

II 

a 

; 

It 

1 = 48 

20 

82*44 

7= 61 

14 

65*60 

2 = G4 

89 

88*56 

8= 63 

40 

2*11 

8 = 80 

3 

6H*61 

9= 66 

16 

21*48 

4 = 80 

31 

89*11 

10= 82 

50 

26*08 

5 = 80 

38 

50*70 

11 = 101 

54 

40*12 

6 = 26 

50 

26*67 





Equations to he satisfied. 

»» + ffg + *9 —1'71 = 0 

®4 + ®8-• «0 — ®io — ®11 + l‘C8 = 0 
*0 + 0*7 + »I1 + 1*04 5= 0 
®i + s% + »io + 0-2f) s= 0 

+ 23*8(Ci — IO'Obj + 17‘6<Bg — 26*5 a* + 86*6®, — 41*6 aj + IG'9 — I5*6aig — 22-8 = 0 

aj, + e^ — O’lf) = 0 

+ 10*0 ag — 86*5 ag — 2*1 aj + 7*6 a^ + 7*C an — 83* G = 0 



Resulting Corrections. 


II 

II 

tt 

tt 

Bi = + 0*08 

a. = -0*67 

as, = — 0*14 

®io = -f 0*02 

ag= + 0*88 

a, = -0*76 

a^ = -0*86 

a,, = -0*18 

ag = 4* 0*42 

B = - 0*77 

ag= + 0*46 



Khiberubt to Kboonstad. 



Z ... Zoetylei. 

T ... Thei'ons Eop. 

8 ... Schoongeaicht. 
B ... Bieaieraii. 


Observed Angles. 


0 

f 

It 

1 = 70 

56 

68*07 

2 = 18 

69 

18*04 

8 =02 

7 

19*92 

4 = 92 

58 

48*94 

5 = 10 

64 

46*80 

6 = 42 

18 

8*71 

7 = 88 

63 

27*84 

8 = 82 

56 

82*60 
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FiauBAi EQUATroNB—KofwmLBT TO Bjeioonbtad —conitwwec^. 


Eqvaticm to be satisfied. 

(i!i + a^ + a^ + a^ + 0'60 = 0 

®4 + ®j + ®j + ®7 + 0*20 = 0 
+ (& + + (Bj + 1’08 = 0 

+ 7'Sxy^ — 84’6iE, + ll’liTg + I'laii + 109*2a;, —28'2a;g + 81*4®^ —82'6®g — 4*8 = 0 

Resfudtmg Corrections. 

II II II 11 

®i=+0’02 a^=—0'30 * 5 =—0*19 awrs+O-ll 

iBgs—0*82 0-22 aj= + 0-10 ®g= 0-00 


Kimbeblht to Ottoshoop. 

Flgnre ZV. 

B ... Kopje Bnke]. 
K ... Komeelpan I. 
L ... Langyallel 
B ... Sdhoonheid. 
N ... Never Mind. 


Observed Angles. 

0 I II 0 I II 

1 = 27 6 62*81 7 = 49 89 68*19 

2 = 61 16 88*62 8 = 62 8 12*81 

8 = 66 11 1*68 9 = 88 88 20*87 

4 = 18 16 87*87 10 = 100 46 66*16 

6 = 81 88 48*62 11 =: 60 81 9*82 

6 = 69 48 68*88 


Equations to be satisfied. 

mg + ffig + — 0*18 = 0 

®i + ®B *+* ®io + 0*86 = 0 

®e + ®7 + — 1‘28 = 0 

®4 + — ®9 — %) — »n — 0*11 = 0 

+ 41*2®i — ll*6a^ + 14*7®g - 89*2®* + 84*8®, — 7*8»g + 17*9ay — 16*4a^ + 184*2 = 0 

Resrdling Corrections. 

If It II (/ 

®j=—0*68 ®4=+0*98 ov=+ 0*24 ®in= —0*16 

flHi=+0*17 ®g=—0*44 au=—0*01 (&, = + 0*60 

a^=—0*13 ®g=+0*64 ®g=+0*09 




ngrure ZYX. 


S ,.. Bmitsbraal. 

N ... Nooitgedaoht II. 
E ... Kopje Eokel. 

K ... Kameelpau I. 


Observed Angles. 

» I II o I II 

1 = 28 27 67*40 6 = 28 12 28*66 

2 = 67 10 12*48 6 = 61 29 4*21 

8 = 62 26 40*66 7 = 68 6 49*76 

4 = 82 11 44*29 8 = 81 66 8*66 


(14181) 


H 4 ' 
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Figubal Equations—^Kimbbblby to Ootoshoop— coruinued. 

Equations to he satisfied. 

(Bj + Kg + + a-g — 1*31 = 0 

«! + (Bfl + - 0*4-3 = 0 

-f- fl/g -}- ffl* -f" iT/y “f" 1 * = 0 

+ 38*8ari — IS'GjTjj + 11— 33 *43?^ + 39’3{rg —• lG‘7j*g + 8'4^B7 — SS'Sasg + G3'6 = 0 

Resulting Ooirections. 

n II II II 

<Bi= + 0*04 a!j = + 0*09 —0*94 as, = —0*85 

a^=-f0‘36 os^ss—0*1G mg =—0*08 mg =+0*82 


A 



Figure XVII. 

D 


K ... Elipkuil 
D ... Doonihoek. 

N .. • Nooitgedaclit IT. 
A ... Amst^dam. 


Observed Angles. 


1 = G3 0 C7-09 

2 = 37 24 U-2G 
8 = 60 29 23*61 
4 = G1 61 11*29 


6 = 20 16 13*06 
0 = C2 31 17*11 

7 = 86 22 19*21 

8 = 19 6 28*13 


Equations to be satisfied. 


®i*f*3 4 flSj + Sg — 0*63 = 0 
O’! + ®j *4 ®o + «7 + 0*34 = 0 
ai^ + asg + ai* + m. — 0*68 = 0 
+ 10*7a»i - 27*0a!g + 11*9*8 - *4 07*0aig - ll*0a!8 + 29 -Oj;, - 60*8mg + 6*9 = 0 


Resulting Corrections. 

II II II n 


a!i= 4-0*01 a%=4-0*26 m,= 4-0*04 ai,= -0*20 

asg = 4“ 0*26 *4^4* 0*08 mg = -^ 0*21 a^ = 4* 0*01 


Figure XVIIl. 



D 


P ... Makoeies Pan. 
0 ... Doombult I. 
M... Middelbulti 
D ... Disselboompan. 


Observed Angles. 


0 

1 

II 

0 

1 

II 

1 = 2G 

28 

68*96 

6 = 64 

8 

40*99 

2 = 87 

66 

6*02 

6 = 28 

67 

69*84 

8 = 88 

84 

26*14 

7 = 47 

81 

80*98 

4 = 89 

21 

60*00 

8 = 77 

G 

84*92 


Equoitions to be satisfied. 


ifl -4 a% 4- a*i, 4- ®B — 1 *49 = 0 
®4 *4 ®6 *4 mg •4- as, 4- 0*70 = 0 

1.10 _ A 


+ + — 1*18 = 0 

4- 42*4*1 - 27*0*8 *4 26*4a!g - 26*7** 4-10*2*, - 88*0*, 4-19*^ -4*8*, - 2*80 = 0 


II 

*1 = 4-0*48 
*, = •+• 0*88 


Residting Corrections. 

" n II 

*8=4-0*07 m, =-0*48 av=-0*09 

*4 =-0*81 *8=4-0*18 *8=4-0*66 
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FiatriuL Equations—^E^beblnt to Ottoshoop— 


Vlgnre ZIZ. 



W .., WelTediend. 

S • • • Syph6rpatD, 
n ... Houthaal BoomeiL 
D ... Doombult L 
P • .. I)o Paarl. 


Observed Angles. 


0 

1 

n 

0 

1 

tt 

1 = 27 

4 

29*16 

7= 24 

42 

42*28 

2 = 60 

20 

2G*G2 

8= 67 

33 

26*60 

3 = 69 

26 

12*62 

9= 86 

22 

6*66 

4 = 32 

27 

68*61 

10 = 134 

43 

11*27 

6 = G7 

46 

89*00 

11 = 79 

46 

21*21 

6 = 20 

34 

6*64 





E(pia(ions to he satisfied. 


®i +‘‘^8 + ®9 + O’fiG = 0 

^ ^ d"®lo " ^ ^ 

+ “"b + ® 

+ “■* “ ®b ~ sTin — ®ii — 0 • 61 = 0 

+ 41-2iri - ll-Oo-j, + 12-4rs “ 33*1*4 + 8 *C®b - 6G-li», + 45-7*, - 8-7ai^ + 222*7 = 0 


Resulting Corrections. 


II 

®i =— 0*82 

Og =+ 0*G6 
a!j=+ O-OG 


II 

Xi=+ 1*4G 
aj. =+ 0*44 
*o=+l*83 


!r»=-0*C8 

a!a=+0*42 

(rB=-0*lG 


tr 

— T 0 * OB 
*11 =+ 0*29 


I^gore ZZ. 


A 



K ... Klippan. 

W... Witkop J. 

M ,.. Malopos Gog. 
0 ... Qrooifontein. 


Ohsei'ved Angles. 



0 

1 

II 


0 

/ 

II 

1 

=43 

47 

58*60 

6 = 

39 

2 

47*34 

2 

= 26 

7 

22*06 

0 = 

64 

19 

12*64 

8 

= 67 

56 

26*02 

7 = 

28 

43 

36*17 

4 

= 47 

64 

23*26 

8 = 

48 

9 

12*18 


Equations to he satisfied. 


*i + aij + ®8 + *8 — 2*40 = 0 

"I* + a?g + (Tjf — 1 * 18 =: 0 

*8 + *s + *4 + *8 — 1 ■ 8G = 0 

+ 21'9a!i — 44'9 j-, + 8*60:3 — 19'Oa?* + 25*9a;5 ~ lO’lajj + 88*4xy — 22'6a:g+ 9G'4 = 0 


Resulting Corrections. 


= + 0*15 
a^= + 1*18 


n 

®g = + 0*17 
»4= + 0-G9 


ff 

ffj = -0*18 

«g = + 0*76 


II 

3ij= — 0*18 

Xg = + 0*95 
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Figubal Equations—Belfast to Limpopo. 
Figaro XZI. 





K ... Eameelkop. 

L ... LoBkop II. 

N ... North end Houts River Base. 
S ... Sonih end Houts River Base. 
M • •. Matala. 


Observed Angles. 

Of// o / f> 

1 = 56 49 49*22 9 = 15 62 67*70 

2 = 9 21 88*46 10 = 42 82 24*85 

8 = 14 16 42*03 11 = 81 8 1*01 

4 = 82 32 64*92 12 = 36 18 64*36 

5 = 42 45 46*69 13 = 4 12 43*07 

6 = 80 56 26*87 14 = 15 39 37*05 

7 = 69 29 12*37 16 = 67 68 68*09 

8 = 81 9 69*99 


Eguonbions to he satis/ied. 


®1 "f" ®18 "I" ®1S "t* ®lli ~ 0*81 — 0 

(.3 + <84 + (Bj + (D 3 4* *7 "t* 0 * 06 = 0 

I®! + "f (fg ®u "i" ®1B + 0 • 18 = 0 

«! + as* -f ®S -f a* -f -f" 0*16 = 0 

cBg + 4- (B4 4- »3 4- ®ji 4- 0*25 = 0 

a* ■+• ®7 ®8 + ®D + “"lo + 1 * 01 = 0 

4- 89*23)4 4- 6*2®. 4- 6*2a)j 4- 12*4a5, — 84*9a)g 4- 2*8*14 ” «ib + 26*40 = 0 
4- ll*8e4 4- ll'8j!t 4- 6*2®j 4-12-4®, - 19*0!& - 19*6^ ~ 14*(teio - 17*Jlrii - 6*10 = 0 
4.16*33*8 - 19*0®*, -14*0*10 - 14*0*11 - 28*6»ij 4* 0*8*13-1*5*14- 1*6*13 - 26*60 = 0 


. 

Resulting 

n 

n 

©1 = + 0-08 

* 3 = 4 - 0*12 

acg = — 0*60 

* 3 = - 0*09 

flja=: + 0*60 

*.= - 0*29 

aj 4 = — 0*29 

*8 = 4 * 0*29 


Corrections. 


n 

II 

*0 =— 0*46 

*13 = 4 - 0*43 

*10 =- 0*46 

*13 = - 0*10 

av.=- 0*08 

* 1 , = 4 - 0*10 

*i,=- 0*15 




B ... Blaauwberg. 

L ... Lejnma. 

S ... Socnell’s Eop, 
M ... Matala. 

E ... Loskop II. 


Ohsei'ved Angles. 

I n 

1 = 45 88 40*64 
2 = 46 66 0*00 

8 = 86 6 28*28 
4 = 69 2 17*98 

5 = 72 28 89*48 
6 = 42 41 26*60 

7 = 29 26 26*66 

8 = 27 41 80*77 

9 = 96 67 87*96 

10 = 48 29 7*66 

11 = 107 68 17*48 


EgyMtwns to he satisfied 

*1 4" aig *“ aj — a^o “ ®ii 0 * 18 = 0 

"h ““ 0*68 2=5 0 

05 ^+ ®6 ®io — 0*67 =5 0 
+ ®7 + ®n + 0*48 = 0 

+ 20*6ff-i - IS-Bojg + 28*8fl!8 - 12*7a4,+ 6*6®g - 22*8ajfl + 87*^ - 40*lajB + 6*8 = 0 
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FiomtAL Equa-Tions—^Bblfast to Limpopo— continued. 
Resulting Omreoliom. 


Sj = + 0*02 

aj) = + 0*24 


Bj = + 0'28 

Bj = — 0*18 

10 ,= -0*17 

Bb= + 0*06 


Bj = + 0*19 

Bjj = + 0*20 
= - 0*18 


~ 0*20 
a?4 = + 0*24 



Figure XXIII, 


P •.. Pont 
L ... Lejnma. 

B ... Blaauwberg. 
D ... Dwamberg. 


Observed Angles. 


0 

t 

II 

1 = 72 

19 

27*07 

2 = 61 

28 

88*70 

8 = 28 

4 

31*88 

4 =71 

18 

26*80 

5 = 29 

8 

86*41 

G = 28 

54 

18*68 

7 = 60 

88 

62*12 

8 = 28 

7 

88*06 


®i + ®8 + ®8 + a ^ + 0"88 = 0 

+ ®5 + 0 • 66 = 0 

®1 + + (Gy + OJo + 0'7C = 0 

+ C-7®i - + 39*6fl?8 - 7-laj4 + - 38-2tCfl + 17-2 uj7 - 3U-4®8 - 22-80 = 0 


Resulting Con'ections. 

II 


II 


ii 


B, = - 0*87 
Bg = — 0*04 


0 ^ = — 0*04 

Bg = + 0*88 


B, = + 0*38 

®j = — 0*01 


B»= 0*00 

a%= -0*88 


Pbbtobia to JoHAmrBSBuaa. 
Tlgare XXIV. 



A... MacUeneak. 

B .,. Meintjes Xqp. 

0 ... Eoedoes Poort. 
I) ... Camp. 

H... Gable Hill. 
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FiauEAii Equatoonb—P imroRiA to JoHANinsBBTmG — continved. 

Observed A^nghs. 


0 

/ 

#/ 

0 

/ 

II 

4 = 32 

53 

9-29 

10 = 36 

16 

67-74 

6 = 26 

1 

16-68 

11 = 82 

47 

39-01 

0 = 40 

45 

.68-56 

12= 48 

87 

24-81 

7 = 68 

25 

64-70 

18 = 110 

22 

24-81 

8 = 1 

58 

6-94 

14 = 128 

26 

33-76 

9 = 42 

84 

0-88 

16= 64 

46 

47-64 


Mquoitiom to 

be satisjied. 







+ ajg + ®io — 1-24 = 0 


®fl + 


-'6 « “0 ' ‘ •‘16 « — V 

4“ — ajj^o — fl5w — — 1 * 17 =s 0 

C12-Ste8 - 22-9®, - - H-l®„ - 29-7®u - 7-8®^- 374-9^4 

- 874 -OariB - 2794-0 = 0 
— 19-9.T4 + 12-7a^-8-2®n + 16-4a^ + 7-8a)ij— lC-7®i,i- 107-0 = 0 

JRestdting Corrections. 


1-48 
®j = + 4-81 
®g =— 0-63 


®7=+ 1-65 
®g = "f* 1 * 48 
®b=--2-17 


IDyf —+ 0-81 

= ““ 3 * 06 
= + 0 - 98 


®i8 =+ 0-86 

®14=-3-09 

aH5=-l-8C 


ngare XXV. 



D ... Daspoort 
P ... Gable Hill. 

X ... Meintjea Eop. 
F ... Mnckfeoeak. 


Observed Angles. 


0 

/ 

II 

0 

f 

II 

2 = 48 

87 

60-68 

6 = 16 

16 

26-22 

8 = 66 

44 

84-84 

7 = 36 

26 

12-16 

6 = 48 

22 

80-64 

8 = 79 

65 

49-63 


Fixed Angles. 


1= 21 0 9-61 

2 + 8 = 110 22 26-16 


4 = 48 37 


u 

25-29 


Fqitations to be satisfied, 

a*? + — 0-24 = 0 

aiB + ®5 + ®j — 4 -71 = 0 

— 22-la^ + 9-Oa-j + 18-7»5 — 72-2®j + 29-^®^-^3^7®8 + 28^7 = 0 

Resulting Corrections. 


®,=-1-16 
®8 = + 1-89 
®,=+ 2-01 


®j = +l-81 
«,=- 0-21 
®a =— 0-46 


Tlgore XXVI. 



/7 


a 


G 


A ... Driefontein. 

B ... XlipfonteiiL 
G ... Germistou. 

0 ... Obaenratoiy Hill (Johannesburg). 


Obsert'ed Angles. 



0 

1 

tt 


D 

t 

II 

1 

= 60 

84 

41-84 

5 

= 60 

27 

46-22 

2 

= 20 

46 

66-19 

6 

= 49 

1 

80-08 

8 

= 61 

61 

61-82 

7 

= 28 

86 

18-87 

4 

= 66 

64 

26-78 

8 

= 66 

47 

80-16 
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f^GURAL Equations—^Fbeitobia to Johannnsbusg — c&niinued. 


Equations to he satisfied. 

a^ + a-g + x^ + Xf— 1'74 = 0 

+ Xg + Xg + Xj — 0*80 = 0 

+ a»j + aw + ar 3 ~ 0*07 = 0 

+ 17*8ii — 56*6a*, + 16*5a;s — 13*7a)4 + 17*4a!5 — IS'Saig + A&‘2x,j — l8*8a^ + 70*0 = 0 


Resulting Corrections. 


It 

iEi=-0-13 
a*jj =+ 0'85 


It 

ff8=+0-ll 
= + 0*66 


n 

opg =+ 0-28 • 

ajg =+ 0*36 


n 

rr„ =5— 0*38 
2*8=+0*18 


Figure XXVn. 


O 



K ... Klipriviersberg. 

0 ... Ob^rvatorj Hill (Johaunesburg). 
Q-... Oermiston. 

S . •. P 8 Beaoou. 


Observed Angles. 

0 I II O t II 


1 = 62 57 63*94 

2 = 86 18 31*80 

3 = 64 21 80*02 

4 = 60 19 68*27 


6 = 39 0 7*80 

0 = 60 67 80*68 

7 = 83 42 20*93 

8 = 80 22 1*48 


Equations to he satisfied. 

"f* ®8 "f” ®4 ®5 “i“ 2*88 = 0 

a?i + + ills "" ^ ^ 

i>*i + “* 2 • 33 s= 0 

+ 1Gj*i — 2Da*3 + 162*3 — + 202*5 — 14 ,t 8 + 822*^ — 292*8 + Id* 00 = 0 

Resulting Corrections. 

II n II II 

a*i'=+l*40 2*8 =—0*84 ® 5 =s—1*14 2*7 =+0*66 

a^=-0*30 2 * 4 =-MO 0*5=+0*70 ®8=+l-61 


Adjustment or Oibouits. 

5. In adjusting the circuits of the pi-esent surv^ for pometrioal con- Ootsidera- 
sistency, the results of the survey of Cape Colony and Natal are utilised to tions 
the followinff extent (referring to “ Eeport on the Geodetic Survey of South ooniroiling 
A&ioa.”Vai:i,pp. 158-190)*- 

a. The closed circuits of Cape Colony are considered absolutely fixed. 

b. The chain between Bedford and Newcastle, ^eviously adjusted for 

closure on Natal base, is used for closure of Circuits 1 and III. (see 
Diagram No. 2). 

c. The chain between Hanover and Eimberley is used to dose Circuits 

HI. and IV. 

In addition to a above, the present solution is controlled by the following 
considerations:— 

1. The measured lengths of all base lines, reduced to mean sea level, are 

considered fixed. 

2. With the exception of angles measured on four arcs only, all angles of 

triangles forming parts of adjusted conmlex figures are considered 
fixed, and the circuit corrections fall on the soHl^y triangles. 
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3. In the ohains measured on four arcs (triangles 76 to 131 in diagram), 
the angles of complex figures have equal weight with the angles of 
other ^ains. 


dumber oC, 
equations. 


Base 

eq nations. 


4. The portion of Circuit III., between Breakfast "Vlei—Hogsback and 

Besters Kop—Blandsberg H. (shown by the thick black lines in the 
Diagram), is absolutely &ed in length and direction. 

5. The lines of base extensions are fixed iu length. 

In Diagram, No. 2, the triangles of which the angles receive circuit 
corrections are numbered.1 to 131. Those with weights unity are unooloured, 
those with half-weight are coloured yellow. 

6. Since the fixed chain may be considered as a base, the conditions ol 
the circuit solution depend on the closure of seven bases on each other, and 
on the closure of the six circuits in latitude, longitude and azunuth, or in X, 
T, and bearing, if spheroidal co-ordinates are used. Starting with any one 
base, each of the others may be closed 
on through two independent nba-ina ; 
there are thus 2 (7—I) =.12 base 
equations, and the six circuits require 
6 X 3 = 18 equations; or 30 in all. 

7. In the accompanying diagram, 

H=the line Hogsback to Break¬ 
fast Vlei in fixed chain. 

E=the line Elandsberg II. to 
Besters Eop in fixed chain. 

N =Natal Base. 

B =Be]fast Base. 

B> =Eroonstad Base. 

W=Wepener Base. 

0 =Ottoshoop Base. 

E = Kimberley Base. 

The base equations are formed through 
the following ohains 



No. 


if 

it 

>9 

99 

99 

99 

99 

99 

99 


—I’ixed line H on Natal Base through HlN...Equation B, 

O _TT_ J__ *1 TPfc ^ 


2.—^Natal Base on Kroonstad Base „ N2E... 
3-—^Kroonstad Base on Wmener Base „ RsW... 

4. —^Wepener Base on fixed line H „ 'W4H.!. 

5. —Kroonstad Base on Belfast Base „ R5B... 

6. —Bdfast Base on Kroonstad Base „ B6R... 

7. —Fixed line E on WOTener Base „ E7W... 

8. —Kroonstad Base on Kimberley Base „ BSK... 

9. —^Kimberley Base onfixed line E „ K9E... 

10. —Kimberley Base on Kroonstad Base „ KlOR.,. 

11 . —^Kroonstad Base on Ottoshop Base „ RllO... 

12. —Ottoshoop Base on Kroonstad Base „ 012R .. 


B* 

I 

^10 

■Ol* 


Nos. 1 and 9 were adjusted for^ closure by the solution in the Cape Natal 
o^ey; they uiOTefore enter^ into the equations with absolute terms = 0. 
Ihe loganthmic discordanoBS in olosuro for ths othor chains SiTo :_ 


Circuit 

closures. 


— 0‘0000021 

No. 7. 

- 0-0000031 

+ 0-0000030 

„ 8. 

0-0000000 

— 0-0000089 

„ 10. 

+ O-OOOOlll 

+ 0-0000060 

» 11. 

— 0-0000210 

— 0-0000070 

» 12. 

+ 0-0000014 


8. In tte closures of (^uits, the method of the Great 
of Ind i a (adopted in the circiiit solution for Cape 
followed m the present solution, Instead, the ai^ustment 


Trigonometrical 
Colony) was not 
was effected by 
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means of rectangular spheroidal co-ordinates. This zcethod is iullj described 
in paragraphs 41 to 52 of this report. The two methods would lead to identical 
results, but, by the first, six sets of differential coefficients have to be 
computed for each circuit, whereas, by the second, only two ai'S required, and 
the coefficients of the y’s and z’b in the hearing equations are all ± 1. 
The labour of computation is thus considerably reduced by employing the 
second method. 

9. Circuit I. begins and ends at 32 (Lubisi). The traverse line is 32 to 4, 
then in numerical order to 31, 32. The initial line, for bearing, is 32 to 52. 

Circuit n. begins and ends at 18 (Salt Lake). The traverse line is 18, 
33 . . .^ 46, 24, 47... 51, 18. The initial line is 18 to 19. 

Circuit III. is the co^letion of a circuit of which one branch is fixed. 
It begins at 0 (Breakfest ^ei), and ends at 63 (Elandsberg IL). The traverse 
line js 0 to 1... 4, 52 ... 55, 28, 56 .. . 63. The initial line is the fixed 
line in trian^e 1, and the closing line the fixed line in triangle 66. 

Circuit IV. is in two branches. Both branches begin at 64 (Machache), 
and end at 63 (Elandsberg II.). The traverae line of the lower branch is 64 
to 28, 56 ... 63. The line of traverse for the upper branch is 64, 65, 47, 24, 
46, 66 . . . 79, 63. The initial and closing lines are 64 to 28 and 62 to 63. 

Circuit V. begins and ends at 80 (Middelbult). The traverse line is 

80 ... 96, 73, 97 . .. 103, 66, 104 .. . 108, 80. The initial line is 80 

to 119. 

Circuit VI. begins and ends at 42 (Boshofeberg). The line of traverse 

is 42, 109 .. , 118, 81, 119 .. . 122, 67, 103, 123, 124, 24, 125 ... 129, 42. 

Tlie initial line is 42 to 43. 

10. Eor Circuits I. and II. the origin of co-ordinates is the intersection 
of the 29th meridian and the 25th parallel. For Circuits III., IV., V., and 
VI. the origin is the intersection of tlie 26th meridian and the 25th paralleL 

11. The following are the errors of closure in X, Y, and bearing, and 
their equivalents in latitude, longitude, and azimuth :— 


Oirouil. 



Errcra of Closure. 



Equatione, 

X. 

T. 

Bcaricg. 

Latitude. 

Longitude. 

A2dmutL 

I 

Feet 

-14-6 

Feet. 

+ 8*8 

11 

4-1-04 

II 

-0-H3 

It 

-0-044 

II 

4-1-06 

Xj, Tj, Aj 

X„T,.Ai 
Xb. 7;, A* 

ir 

- 2*5 

-t- 6-1 

4-0-48 

-0-026 

-0-068 

4-0-46 

III 

-28-0 

-i-22-8 

4-0-72 

-0-228 

-0-269 

4-0-86 - 

IV 

- .‘)'2 

-10-0 

4-0-65 

-0-082 

4-0-111 

4-0-49 

K xi aJ 

V 

+ 2-6 

- 3-0 

4-8-50 

4-0-026 

4-0-088 

4-8-49 


VI 

1 

-32-i) 

4 0*2 

-2-95 

-0-826 

-0-002 

-2-96 

^44 


12 . The coefficients of the y’s and z’s were computed independently by 
two computers, and the results compared. ITnfortunatdy, in the coefficienii 
of Z 58 in equation Xg, both computers omitted a term, with the result that the 
value —6’315 was used instead of the correct value —4’631. This error was 
not discovered, untd a recomputation was made. 

13. In order to correct for the enur above referred to. Circuits I., II., and 
m., and portions of the other circuits were considered fixed by the' first 
solution, and the following chains readjusted:— 

Chain a . Triangles 56 to 64. 

„ & . „ 88 to 98, and 5C. 

,, c ... ... ... ,, 76 to 88. 

In addition to the error resulting jfrom the erroneous coefficient, certain 
errors of closure, due to the insufficiency of 7-figure logarithms, were intro- 


Traverae 
lines of 
oiroaits 
{See 

Diagram 
No. 2). 


Origin of 
co-ordi¬ 
nates. 

Erroreof 

closare. 


Error in 
computa¬ 
tion of 00 - 
effiuientB. 


Beadjust- 
ment of 
chains. 
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Arbitrary 

ootreotions. 


Adjtistnieint 
between 
Betfaat and 
EontaBiver 
baaes. 


Data and 
results. 


duoed as absolute terms in the equations. The absolute terms in the 12 
equations are:— 


Chuin. 

Base. 

X. 

T. 

Bearing^. 



Feet. 

Feet. 

n 

a 

0-00 

0-00 

-o-co 

0-00 

h 

-f-0-12 

-0'f)0 

-(-0-70 

0-00 

0 

-0-12 

-f-O-fiO 

+0-70 

0-00 


14. After the readjustment of chains a, h, and c, the latitudes, longitudes 
and mutual azimuths of all stations in the ou'cuits were computed, with the 
result that the following small errors of closure, entirely due to the insufficiency 
of 7-figure logarithms, were disclosed:— 


Circuit. 

Laiitudo. 

Longitude. 


tt 

ti 

I 

-o-ooi 

+0-006 

II 

-1-0-003 

-0-006 

III 

0-000 

-0-002 

IV 

+0-004 

-0-002 

V 

+0-004 

-0-000 

VI 

1 

0-000 

-0-002 


The corrections to remove these discordances were oi'bitrarily distributed. 

15. In the chain Belfast to Limpolo, the solitary triangles between the 
Beliasi and Houts Biver base figures were adjusted as follows:— 

The angles were first adjusted for ^ error of triangle. 

The equation is then: 

- 7*8yi + 18’4zi - 15-8y8 + 8*9Zj - ll-Syj + 12'923 - 18%^ + 12‘0«4 
- 16-5^5 4- 20*4*5 - 12*7ye - 6'0*o - 12*4^7 -f 0*3*7 “ = 0, 



16. The data and results of the solution are given in the following 
tables:— 

Table 0 gives, for every circuit, the co-ordinates of stations in the line of 
traverae, and the bearing of the forward station, before adjustment. 
Table D gives the value of P and Q (ic. the summations of the differential 
fectors) for every station in the traverse. 
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Table E gives the values of the coefficients of y and and the absolute 
terms in each equation. 

Following Table E are the normal equations and the values of the 
indetenninate ffictors. 

Table F gives the resulting corrections to the angles. 

Table G gives the values of F and Q for the re-adjustment of chains a, h, 
and c. 

Table H gives the coefficients of y and » for the readiustment. 

Following Table H are the normal equations, and values of the feotors. 

Table J gives the resulting corrections. 

Table K shows the magmtude and distribution of the arbitra^ corrections. 

Table L gives the co-ordinates of stations in the circuits after the final 
adjiurtanent. 

Following Table L are given the non-ciccuit equations, or re-adjustment of 
figures disturbed by the circuit solution. 


Table 0. 


Co-OBDTNATHa OV STATIONS ON THE LtNJB OF TRAViaiSB. 


OiRomT I. Origin 00 25”, Lo — 29°. 


Station A. 

Station B. 


Oo-ordinatea. 





Number in 



Number in 

Bearing. 

Traverse. 



Traverse. 


T. 

X. 


1 




Eng. Feet. 

Eng, Feet. 
+2466616-4 


0 

1 

N 

:)2 

+468020-7 

4 

281 

■29 

81-98 

4 

+302170-1 

+2500887-7 

5 

228 

0 

16-82 

5 

+191804-9 

+2.382006-0 

{] 

243 

43 

.38-26 

6 

+ 65913-4 

+2.314924-4 

7 

208 

60 

16-04 

7 

+ 14462-6 

+22.39626-3 

H 

210 

49 

29-8.3 

8 

- 04784-2 

+2106918-2 

n 

209 

64 

42-00 

9 

-182048-1 

+ 1989907-6 

10 

247 

20 

3-04 

10 

-274920-2 

+1980287-9 

11 

191 

16 

17-07 

11 

-292687-2 

+1841672-0 

12 

220' 

26 

7*44 

12 

1» 

-.377062-6 

+1742417-9 

13 

196 

49 

.61-17 

-.398492-8 

+1671666-6 

14 

161 

18 

88-74 

14 

-361863-9 

+ 1.684344-4 

16 

187 

10 

45-80 

15 

-866884-8 

+ 1418926-2 

16 

191 

2 

26-16 

U 

-889008-6 

+1802922-4 

17 

207 

67 

67-87 

17 

-467016-6 

+ 1174790-9 

18 

• 184 

69 

69-61 

18 

-848881-9 

+ 1061149-1 

19 

162 

60 

29-67 

19 

-269188-6 

+ 916529-7 

20 

100 

2 

19-11 

20 

-188940-8 

+ 898472-6 

21 

69 

14 

22-78 

21 

- 17868-8 

+ 989666-9 

22 

76 

28 

46-60 

22 

+ 184222-7 

+ 978819-9 

28 

96 

29 

11-81 

23 

+284698-1 

+ 964866-4 

24 

94 

6 

49-47 

24 

+404166-4 

+ 965772-2 

26 

22 

48 

20-78 

25 

+460868-1 

+1066690-0 

26 

86 

84 

1-11 

26 

+497887-6 

+1129786-6 

27 

0 

17 

84-71 

27 

+499249-9 

+1404748-7 

28 

16 

48 

16-60 

28 

+662487-9 

+1681160-8 

29 

10 

6 

41-10 

29 

+614646-0 

+1980828-0 

80 

888 

47 

10-96 

80 

+642114-9 

+2077468-8 

81 

848 

45 

89-69 

81 

+488669-0 

+2278091-7 

82 

866 

16 

38-06 

82 

+468024-6 

+2466600-9 

4 

281 

29 

.33-02 


(14181) I 
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Table O—oontmutd. 

Co-OEDiNATBis OF STATIONS ON THB LiNB OF Travbrsb — contirmed. 
OiBODix II. Origm 00 25°, I^ — 29°. 


Station A. 

Station B. 


Oo-ordinatea. 





Nnmber in 



Number in 


TcaTerse. 



Traverse. 

j3eann^. 


Y. 

X 






Eng. Feet 

Eng^. Feet. 


0 


n 

IR 

-848881-9 

+ 1061140-1 

33 

210 

0 

89-26 

33 

-482087-4 

+ 907610-7 

.34 

200 

85 

40-79 

34 

-470671-4 

+ 805028-5 

35 

165 

49 

88-96 

85 

-428491-7 

+ 688412-5 

36 

198 

5 

44-50 

86 

-489811-8 

+ 460660-4 

87 

204 

25 

22-20 

37 

-570486-6 

+ 272906-0 

38 

125 

21 

44-39 

38 

-860898-8 

+ 124282-6 

39 

188 

32 

54-08 

89 

-251698-0 

+ 20881-2 


109 

28 

88-16 

40 

_ 76818-4 

- 41818-8 

41 

91 

16 

84-56 

41 

+276600-8 

- 49181-2 

42 

90 

88 

1-68 

42 

+468408-6 

- 51126-8 

43 

4 

46 

86-01 

48 

+482949-8 

+ 816814-6 

44 

11 

64 

84-70 

44 

+626446-6 

+ 621780-4 


847 

7 

6-62 

45 

+496487-2 

+ 667816-6 


25 

40 

66-08 

46 

+662577-8 

+ 776199-3 


.320 

26 

27-21 

24 

+404160-6 

+ 965768-4 


836 

42 

87-36 

47 

+828687-3 

+1181008-6 


284 

59 

36-94 

48 

+160841-6 

+1176048-1 


237 

23 

6-47 

49 


+1007780-7 


286 

41 

48-28 

60 


+1000106-9 


286 

,36 

89-64 

51 

-224886-6 

+1088808-2 


282 

55 

' 66-85 

18 

-848876-8 

+1061146-6 


210 

0 

.39-69 


OiBODiT HI. Origin 0o 26°, Lo - 20 °. 



Eng^. Feet 

Eng. feel. 


0 

/ 

n 

.0 

-291721-4 

+2948679-1 

1 

258 

24 

16-10 

1 

-454084-1 

+2910255-G 

2 

209 

29 

8-21 

2 

-680897-2 

+2774^40-1 

3 

178 

69 

30-69 

8 

-627866-0 

+2602702-5 

4 

226 

0 

26-23 ' 

4 

-629167-6 

+2504860-3 

62 

178 

26 

11-.36 

52 

-628858-4 

+2296604-4 

5!) 

176 

59 

36-08 

58 

-619763-6 

+2227006-7 

64 

168 

12 

7-07 

54 

-661459-9 

+2000816-5 

65 

191 

66 

64-11 

56 

-609766-1 

+1724541-9 

28 

125 

8 

66-26 

28 

-408426-4 

1 +1679246-4 

66 

80 

80 

32-27 

66 1 

-825612-0 1 

+1711808*1 

67 

90 

86 

66-11 

67 

-126788-7 

+1709167*7 

68 

94 

10 

61-96 

68 

+181797*6 

+1690264-6 1 

69 I 

66 

60 

47-80 

69 

+209241-2 

+1724996-1 

60 

120 

4 

80-08 

60 

+296877-0 

+1674819-4 

61 

90 

44 

40-91 

61 

+462812-2 

+1672786-6 

62 

74 

48 

67-61 

62 

+661688-7 

+1699920-6 

68 

61 

29 

16-10 

68 

+688879-6 

+1771499-7 

Bestera Eop 

296 

7 

2-88 


Fixed. 

fixed. 



fixed. 

68 

+683856*8 

+1771622-7 

Bestera Eop 

290 

7 

1-61 
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Table 0— eontifmd, 

Co-oBDmA.T£is OS' STATIONS ON TECBi LiNB OF Tbavnbsib— ooniAtiued. 
OntODiT IV, Lower Branch. Origin ^ 36°, Lg — 36”. 


Station A. 

Station B. 


Oo-ordinates. 


• 

Nninber m 



Number iu 


Trayeise. 



Traverse. 

i^earinga 


Y. 

X. 

1 



Eng. Eeet. 

Eng. Feet 

i 

0 / n 

64 

-60S944-6 

+ 1689162*3 

28 

92 49 60-00 

26 

-408426-4 

+ 1679246-4 

60 

.80 80 82-27 

56 

-825612-0 

+ 1711808-1 

67 

90 86 66-11 

67 

-126788*7 

+1709167-7 

58 

94 10 61-96 

6fi 

+181797-6 

+1690264-6 

69 

66 .50 47-80 

69 

+209241-2 

+1724995-2 

60 

120 4 80-08 

60 

+296877-0 

+1674819-4 

01 

90 44 40-91 

61 

+462812-2 

+ 1672786-6 

62 

74 48 67-61 

62 

+661688-7 

+1699930-6 

68 

61 29 16-10 

68 ■ 

+688879-6 

+1771499-7 

62 

241 28 64-21 


OiBotJTT IV, Upper Branch. Ori^ 0g 26°, Lg — 26°. 


64 

Eng. Feet. 
-608944-0 

Eng. Feet 
+1689162-.8 

65 

0 

187 

I 

66 

It 

3-09 

(if) 

-646782-4 

+1281624-8 

47 

170 

47 

0-98 

47 

-688482-2 

+1184926-1 

24 

15B 

6 

54-98 

24 

-667320-1 

+ 9.57767-4 

46 

Ml 

4B 

1.8-06 

-10 

-428266-2 

+ 774661-9 

66 

19 

60 

41-00 

66 

-.884404-7 

+ 88234.8-0 

07 

81 

54 

12-88 

67 

-196185-9 

+ 909262-0 

68 

32 

22 

4.8-77 

68 

-116796-8 

+1082888-0 

69 

29 

6 

7-96 

69 

- 40986-6 

+1109262-8 

70 

86 

40 

46-60 

70 

+ 66692-4 

+1176489-6 

71 

70 

6 

.57-42 

71 

+170274-.8 

+1201290-8 

72 

46 

19 

47-.86 

72 

+265767-9 

+1292460-4 

7.8 

67 

58 

46-90 

7.8 

+852138-7 

+1827641-8 

74 

61 

24 

41-60 

74 

+415848-2 

+1.862270-6 

75 

80 

68 

28-14 

76 

+464986-9 

+1370079-0 

76 

70 

62 

10-74 

76 

+670069-2 

+ 1406747-8 

77 

.86 

86 

69-46 

77 

+668864-7 

+1682261-1 

78 

810 

16 

0-71 

78 

+687809-2 

+1696698-0 

79 

42 

9 

14-04 

79 

+628268-9 

+1686886-4 

68 

23 

65 

0-45 

6.8 

+688869-6 

+1771496-6 

02 

« 

241 

28 

54-76 


OiEOtiiT V. Origin 0g 26”, I^ — 26°. 


80 

Eng. Feet 
- 24401-4 

Eng. feet 
+ 641427-4 

81 

0 1 II 

64 69 2-90 

81 

+ 30960*3 

+ 680214-9 

82 

40 69 0-67 

82 

+ 81489-9 

+ 688819-8 

88 

• 70 8 20-88 

8,8 

+116276-1 

+ 650960-2 

84 

71 28 81-88 

B4 

+166689-6 

+ 667884-4 

86 

46 6 4-08 

85 

+198781-8 

+ 694062-4 

86 

31 18 48-62 

86 

+241628-0 

+ 772626-2 

87 

68 26 69-66 

87 

+817366-6 

+ 828848-8 

88 

861 69 20-76 

88 

+806627-0 

+ 906081-1 

89 

856 47 12-86 

89 

+806904-0 

+ 917969-7 

90 

847 88 57-64 

90 

+29.5128-0 

+ 966867-3 

91 

866 0 10-0(1 

91 

+ 289069-7 

+1086074-2 

92 

849 57 44-(i4 


(14181) I 2 
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Table 0 — oonoluded. 

OO-OBDINATBS OF StATIONB ON THB LiNH OF TbAVKBSH— 


OiBOiTiT Y.—eontimted. 


Station A, 

Station B. 

• 

Oo-ordinates. 





Ntimber in 



Number in 


, 


Traverse. 



Traverse. 



T. 

X. 






Eng. Feet. 

Eng. Feet. 


0 

1 

ft 

92 

+277780-8 

+1100136-6 

93 

339 

19 

28-13 

93 

+260040*9 

+1146996-6 

94 

63 

48 

14-48 

94 

+806868-4 

+1180629-6 

96 

14 

34 

67-26 

9fi 

+816290-6 

+1220716-6 

96 

16 

26 

3-31 

9(5 

+335020-3 

+1284296-2 

73 

21 

38 

14-74 

78 

+362168-7 

+1827638-6 

97 

309 

:58 

19-08 

97 

+317783-0 

+1366002-9 

98 

278 

12 

22-31 

98 

+208296-4 

+1871846-8 

90 

218 

27 

40-91 

99 

+ l'6l629-8 

+1800381-1 


268 

29 

17-06 


- 27209-2 

+1268978-4 

101 

241 

14 

38-42 


-128693-C 

+1208342-3 

102 

2(59 

7 

36-40 


-261146-8 

+1206474-2 

108 

196 

40 

38-13 


-801823-9 

+1087261-3 



4 

0-30 

»c 

-384892-6 

+ 882866-0 

104 

116 

11 

49-40 

104 

-2751.68-4 

+ 830966-6 

106 

187 

36 

66-08 

100 

-288764-9 

+ 729007-9 

■ 106 

124 

42 

69-89 

100 

-221960-7 

+ 682730-H 

107 

101 

U 

89-94 

107 

-149820-1 

+ 608386-0 

108 

188 

28 

60-98 

108 

- 91300-0 

+ 613062-7 


136 

67 

16-08 

80 

- 24404-4 

+ 641430-0 

81 

64 

69 

11-40 


Omomi yi. Origin 25“ Lg — 26“. 


42 

Eng, Feet. 
-642888-3 

Eng. Feet 
- 60186-G 

109 

0 

68 

1 

62 

/• 

.38-10 

100 

-862164*0 

+ 04784-4 

no 

88 

62 

46-77 

no 

-286977-8 

+ 208817-6 

111 

109 

6 

27-21 

111 

- 72991-3 

+ 162866-1 

112 

j)8 

3 

16*86 

112 

+ 2888-7 

+ 209884-0 

113 

48 

37 

48-00 

118 

+ 49627-7 

+ 268881-0 

114 

866 

13 

20-90 

114 

+ 44112-7 

+ .340869-6 

Ilf) 

349 

62 

3-03 

116 

+ 38094-6 

+ 874044-4 

116 

.306 

7 

24-08 

116 

+ 11080-0 

+ 393796-9 

117 

34 

16 

61-90 

117 

+ 29226-4 

+ 420606-0 

118 

18 

48 

8*60 

118 

+ 48097-2 

+ 476988-6 

81 

860 

40 

6-06 

81 

+ 80960-8 

+ 680214*9 

119 

828 

14 

18-06 

119 

- 18166-8 

' + 689282-8 

120 

804 

86 

41-18 

120 

- 74866-6 

+ 681882*0 

121 

807 

31 

89-62 

121 

-144708-7 

+ 786486-5 

122 

316 

20 

22-36 

122 

-196888*6 

+ 789114-9 

67 

0 

19 

60-14 

67 • 

-196187-1 

+ 909267-8 

103 

820 

11 

16-91 

108 

-801848*2 

+1087260.-1 

123 

248 

28 

63-20 

128 

-880604-4 

+ 997802-0 

124 

286 

69 

89-89 

124 

-442288-1 

+ 967729-4 

24 

270 

0 

64-64 

24 

-667886-0 

+ 967762*5 

126 

229 

12 

61-.50 

126 

-661677-8 

+ 886046-0 

126 

184 

80 

86-67 

126 

-668146-8 

+ 801667-4 

127 

198 

81 

7-66 

127 

-716699-1 

+ 662,376-2 

128 

164 

47 

26-.34 

128 

-681160-6 

+ 486646-2 

129 

190 

80 

68-.36 

129 

-714282-2 

+ 266928-6 

42 

160 

46 

61-49 

42 

—542888-1 

- 50168-3 

109 

68 

62 

36-16 
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Table D. 


Values of P akd Q used m Computations. 


•ai 

*1 


< 1 . 


OlBOOIT L 


d 
i2? 


Q. 


Circuit m (oonfc). 


4S 

dl 


P. 


Circuit y (oont). 


8^ 

0-0000 

0-0000 

4 

-0-1668 

+0-8042 

5 

+0-4084 

+1-8898 

6 

+0-7837 

+1-9982 

7 

+ 1-0988 

+2-.1992 

8 

+1-7422 

+2-6881 

U 

+2-3094 

+2-9094 

10 

+2-6987 

+8-6020 

11 

+8-0286 

+8-6877 

12 

+8-6091 

+4-0978 

18 

+3-8626 

+4-2012 

14 

+4-6177 

+ 8-9762 

16 

+6*0772 

+4-0457 

16 

+5-6896 

+4-1564 

17 

+6-2606 

+4-4862 

18 

+6-8114 

+8-9848 

19 

+7-6124 

+8-6747 

20 

+7-6242 

+2-9488 

21 

+7-4007 

+2-8540 

22 

+7-2104 

+1-6192 

28 

+7-2805 

+0-8897 

24 

+7-8222 

+0-8105 

2.0 

+ 6-7896 

+0-0864 

26 

+ 6-4788 

-0-1440 

27 

+ 5-1462 

-0-1608 

28 

+4-2913 

-0-4.089 

29 

+2-6998 

-0-7101 

80 

+1-8862 

-0-8690 

31 

+0-9187 

-0-0758 


OlBOUTT IT. 

18 

0-0000 

0-0000 

38 

+0-7489 

+0-4808 

84 

+1-2412 

+0-6171 

86 

+2-0488 

+0-4182 

86 

+2-9588 

+0-7106 

37 

+8-8198 

+1-1016 

88 

+4-6406 

+0-0866 

89 

+6-0442 

-0-4443 

40 

+6-8488 

-1-2941 

41 

+6-8814 

-8-0061 

42 

+5-8908 

-8-8674 

48 

+8-6147 

-4-0059 

44 

+2-6148 

-4-2169 

46 

+1-9672 

-4-0666 

46 

+1-8811 

-4-8487 

24 

+0-5107 

-8-6248 

47 

-0-8892 

-8-2684 

48 

-0-6671 

-2-4447 

49 

-0-0822 

-1-6248 

60 

+0-2969 

-1-1248 

61 

+0-1826 

-0-6772 

' 

OntouiT m. 

0 

-6-6804 

+4-7266 

1 

-6-6189 

+6-6186 

2 

-4-8601 

+6-6860 


(14181) 


8 

-4-0288 

+6-8714 

4 

-8-6641 

+6-8026 

52 

-2-6896 

+0-8846 

68 

-2-2076 

+6-8171 

64 

-1-1114 

+6-9862 

66 

+0-2274 

+0-2691 

28 

+0-9817 

+6-2688 

66 

+0-2916 

+4-8916 

67 

+0-8020 

+8-9278 

68 

+0-8986 

+2-6742 

69 

+0-2252 

+2-2987 

60 

+0-4684 

+1-8786 

61 

+0-4788 

+1-1202 

62 

+0-3468 

+0-6884 

68 

0-0000 

0-0000 


Circuit IV. 


Lower Bmuch. 

64 

+0-8842 

+6-2408 

28 

+0-0817 

+6-2688 

66 

+0-2016 

+4-8916 

57 

+0-3020 

+8-9278 

68 

+0-3086 

+2-6742 

69 

+0-2262 

+2-2987 

60 

+0-4084 

+1-8786 

61 

+0-4783 

+1-1202 

62 

+0-3468 

+0-6884 

68 

0-0000 

0-0000 


Omourr IV. 


Upper Bi-aaoh. 

64 

+0-8842 

+6-2408 

65 

+2-8749 

+6-4481 

47 

+8-0868 

+6-4082 

24 

+8-9489 

+6-0688 

46 

+4-8816 

+6-8661 

66 

+4-8096 

+5-1767 

67 

+4-1791 

+4-2694 

68 

+8-6797 

+8-8794 

69 

+2-9186 

+8-6116 

70 

+2-8886 

+2-9947 

71 

+2-7682 

+2-4877 

72 

+2-8212 

+2-0247 

78 

+2-1612 

+1-6060 

74 

+1-9828 

+1-2971 

76 

+1-9460 

+1-0689 

76 

+1-7678 

’ +0-6466 

77 

+1-1692 

+0-0946 

78 

+0-8469 

+0-4688 

79 

+0-6670 

+0-2914 

68 

0-0000 

0-0000 


OiBoniT V. 

80 1 

1 0-0000 

1 0-0000 

81 1 

-0-1882 

-0-2688 


I 3 


82 

-0-4699 

-0-6186 

88 

—0-6812 

-0-6824 

84 

-0-6188 

-0-9260 

86 

-0-7402 

-1-067H 

86 

—1-1211 

-1-2896 

87 

-1-3987 

-1-6671 

88 

-1-7683 

—1-6061 

89 

—1-8267 

-1-6010 

90 

-2-0627 

--1-6498 

91 

—2-.8982 

-1-6200 

92 

-2-7088 

-1-4660 

98 

-2-9860 

-1-8793 

94 

-8-0990 

-1-6014 

96 

-8-2988 

-1-662Q 

96 

-8-6016 

-1-7428 

78 

-8-8111 

-1-8269 

97 

-8-9494 

-1-6690 

98 

-4-0269 

-1-1284 

99 

-8-6794 

—0-8682 

100 

-3-6029 

+0-0184 

101 

-8-2831 

+0-6040 

102 

-8-2240 

+1-0990 

103 

-2-4036 

+ 1-3448 

66 

—1-6628 

+ 1-7461 

104 

—1-4080 

+ 1-2160 

106 

—0-0094 

+ 1-2816 

106 

—0-6860 

+0-9677 

107 

-0-6165 

+0-6080 

108 

—0-8472 

+0-8243 


OlBOUIT VI. 

42 

0-0000 

0-0000 

109 

-0-6646 

-0-0280 

no 

-1-2680 

-1-4862 

111 

—0-9798 

-2-2764 

112 

-1-2668 

-2-6440 

118 

-1-4032 

-2-8708 

114 

—1-8908 

-2-8440 

116 

—2-0640 

-2-8148 

116 

—2-1498 

-2-6886 

117 

—2-2798 

—2-7718 

118 

-2-6480 

-2-8688 

81 

-8-0686 

-2-7802 

119 

-8-8400 

-2-6668 

120 

-8-5468 

-2-2678 

121 

-8-8064 

-1-9286 

122 

-4-0664 

-1-6806 

67 

-4-6489 

-1-6840 

108 

-6-2698 

-1-1669 

128 

-6-0781 

-0-7860 

124 

-4-8889 

-0-4860 

24 

-4-8841 

+0-1208 

126 

-4-6817 

+0-6287 

126 

—4-1277 

+0-6606 

127 

-2-9684 

+0-8898 

128 

-2-8648 

+0-6724 

129 

—1-4888 

+0-8881 
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Table £. 


SOLUTION OF CIRCUIT EQUATIONS. 

VaLUBS OB THH COBFFIOIBNTS AND AbSOLITXB TbBMS. 



Equaxioh 


+0-847 
+0-218 
+0-666 
+ 1-126 
+0-844 
+0-674 
+0-060 
+0-688 
+0-778 
+0-251 
+0-292 
+0-409 
+0-260 
+1-184 
+0-844 


-0-016 

-0-816 

-0-268 

-0-639 

-0-648 

-1-017 

- 0-112 

-0-687 

-0-605 

-0-634 

-0-656 

-0-900 

-0-885 

-0-804 

-0-911 


Absolute Teim 0-00. 


EktUAXION Bg. 


16 

+0-888 1 

-0-728 

17 

+0-122 

-0-664 

18 

+0-864 

-0-488 

19 

+0-618 

-0-889 

20 

+0-744 

-0-828 

21 

+0-784 1 

1 -0-476 

22 

+0-842 

i -0-898 

28 

+0-198 

-0-881 

24 

+1-108 

+0-087 

25 

+0-707 

-0-780 

26 

+0-448 

-0-768 

27 

+0-886 

' -0-960 

28 

+0-475 

■ -0-848 

29 

+0-088 

■ -0-720 

80 

+1-011 

+0-004 



Equation Bh- 


+0-781 
+0-321 
+0-274 
+0-759 
+0-204 
+0-097 
+ 1-125 
+0-048 
+0-687 


-0-OlH 
— 0-002 
-0-715 
-0-758 
—0-»8fi 
-1-085 
+ 0-055 
— 0-012 
—0-280 


Equation Bg. 


Abeolnte Term —1-00. 


+0-698 

+0-844 

+0-729 

+0-020 

+1-418 

+0-489 

+0-881 

+0-096 

+0-876 

+0-718 

+0-222 

-0-086 


+0-016 

-1-027 

-0-188 

-0-604 

-0-896 

-0-486 

-0-672 

-0-461 

-0-188 

-0-488 

-0-874 

-0-890 


AbeoluloToi-mO-OO. 


Equation Bg. 

65 . +0-4.54 I —0-037 
00 1 +0-540 1 —0-41M 

Absolute Toi'in U - 00. 


7 
7 
1 
9 
6 

+0-910 
+0-121 
+0-164 
+0-882 
+0-864 
+0-620 
-0-372 
-0-038 
-0-804 
-1 -089 
-0-089 
-0-622 
+0-188 
-0-790 
-0-168 
+0-860 




+0-414 
+0-180 
+0-680 
+0-251 
+0-721 
+ 0-202 
+0-605 
+0-471 
+0-C45 
+0-070 
—0-086 
+0-040 
+ 1-170 
+0-486 
! +0-.587 
' -0-184 
+0-860 
+1-688 
+0-076 
+ 0-666 
+ 1-964 
+0-696 
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Table X— eoniiimd. 

Valttbs op the OoHPPrcnBNTS APD Absolute Tbhms— continued. 


A. 

y- 

ir. 

A. 

y- 


B 

y* 


Equation B^(con&). 



EQUAnoK Y,. 

122* 

+0*186 

+0*924 

9 

+8*290 

+0*818 

1 

- 8*124 

-7*787 

128* 

-0*792 

+0*218 

10 

-1*094 

-8*122 

2 

+ 6*114 

+8*000 

124* 

-0*029 

+0*790 

11 

+2*870 

+0*898 

3 

- 0*969 

-6*619 

126* 

-1*216 

-0*211 

12 

+4*116 

+0*814 

4 

+10*640 

+0-277 

126* 

-1*126 

+0-641 

18 

+8*666 

+1*966 

6 

- 1*464 

-6-978 

127* 

-0*122 

+1*209 

14 

+1*888 

-4*160 

6 

+ 1*911 

-7*116 

128* 

+0*199 

+0*880 

16 

+4-602 

+0*874 

86 

- 6*217 

-0*163 

129* 

—0*986 

+0*626 

16 

-8*174 

-7*412 

87 

- 4*662 

+1*291 

180* 

-0*661 

+0*618 

17 

+6*096 

+2*661 

88 

- 2*862 

+6*122 

181* 

-0*182 

+0*179 

18 

-1*682 

-6*829 

89 

- 6*152 

+2*460 




19 

+7*806 

+4*168 

40 

- 8*826 

-1*688 

Absolute Term + 5 •27. 

20 

-2*648 

-9*080 

41 

- 1*613 

+8*688 




21 

+9*821 

+4*461 

66 

+ 0*800 

+0*769 




22 

+9*771 

+8*929 

67 

- 0*886 

+0*267 


Equation Bn. 

28 

+7*692 

+8*986 

68 

- 1*097 

-0*261 




24 

-4*868 

-7*615 

69 

- 0*626 

+0*708 

66 

-0*407 

-1*025 

25 

+9*098 

+6*081 

70 

- 2*696 

-0-269 

76* 

-0*668 

+0*661 

26 

-6*868 

-9*197 

71 

- 0*660 

+2*428 

77 

+0*288 

+0*908 

27 

+7*668 

+4*684 

72 

- 8*124 

+1*628 

78 

-1*067 

+0*886 

28 

-6*441 

-8*684 

78 

- 2*610 

+8*917 

79* 

+0*268 

+0*846 

29 

+6*811 

+6*182 





-0*062 

+0*876 

80 

-6*881 

-7*277 

Absolute Term + 22*8. 

81* 

-0*412 

+0*621 

81 

+6*874 

+6*979 




82 

-2*666 

-0*991 

82 

—6*466 

—6*841 




88 

-0*081 

+1*966 

88 

+6*866 

+6*246 


Bqttatioh Yx. 

84* 

-0*661 

-0*242 

84 

-6*279 

-4*999 




86* 

-0*466 

+0*288 

86 

+4*649 

+4*112 

■9 

-2*150 

+1*693 

86 

+0*054 

+0*916 

86 

-3*388 

-2*618 

mm 

+8*600 

+8*477 

87 

—1*264 

+0*481 

37 

+2*610 

+2*268 

■9 

-7*670 

+2*166 

88* 

-0*030 

+1*061 

88 

-1*947 

-1*430 

■9 

-3*107 

+7*212 

89* 

-0*861 

+0*466 

89 

+2*022 

+1*162 


-6*103 

+0*838 


-0*749 

+0*387 

40 

-0*988 

-0*902 

60 

+7*060 

+0*607 

■to 

-0*576 

+0*788 

41 

+0*971 

+0*130 

67 

+6*002 

+0*683 

92* 

-0*910 

+0*664 




68 

-2*617 

-6*364 

98* 

-0*121 

+0*080 

Absolute Tei-m + 8*8. 

69 

-0*263 

-6*663 

94* 

-0*164 

+0*689 




60 

+8*162 

-0*762 


-0*882 

+0*412 




61 

-0*801 

—6*988 

96* 

-0*864 

+0*868 




62 

+5*184 

+2*424 


-0*620 

+0*990 


Equation Yo. 

68 

+8*964 

-0*069 

98* 

+0*872 

+1*628 


• ■ 


64 

-0*980 

-2*888 




22 

+0*864 

-0*661 

66 

+1*616 

+0*617 

Absolute Term 

-9*97. 

28 

-0*021 

-0*641 

66 

-0*800 

-0*769 




24 

+1*911 

+0*860 

67 

+0*886 

-0*267 




26 

+0*499 

-1*127 

68 

+1*097 

+0*251 


EQUATicnr Bia. 

26 

+1*290 

-0*616 

69 

+0*626 

-0*708 




27 

+0*676 

-1*611 


+2*696 

+0*269 

48 

1 +1*667 

+0*244 

28 

+1*499 

-1*666 

71 

+0 * 660 

—2*428 

49 


-0*486 

29 

+0*660 

-1*208 

72 

+8*124 

—1*623 

60 


-0*672 

80 

+8*648 

+0*481 

73 

+2*619 

-8*917 

61 

+0*096 

-0*461 

42 

+0-469 

+0*986 




62 

+0*876 

-0*188 

48 

-4*496 

-4*629 

Absolute Term 


68 

+0*718 

-0*488 

44 

+2*888 

+4*079 




64 

+0*222 

-0*874 

46 

+8*604 

+6*906 




66 

-0*086 

-0*890 

46 

-7*672 

-4*967 


Equation 

74 

-0*768 

0*000 

47 

+8*827 

+6*729 




76 

-0*468 

+0*686 

48 

-0*806 

+6*106 

66 

-0*948 

+1*446 




49 

-6*674 

-1*868 

67 

+1*972 

+8*218 

Absolute Term +0*66. 

60 

+1*869 

+6*157 

68 

-2*606 

-2*068 




61 

-8*019 

-0*718 

69 

-8*104 

—2*984 




62 

+1*888 

+2*998 

60 

+8*600 

+8*616 


Equaxioh Yv 

68 

-4*877 

+0*027 

61 

-2*760 

-8*626 




64 

+0*666 

+2*476 

62 

+4*689 

+8*726 

6 


1 -0*668 

66 

-1*226 

+0*818 

68 

+4*282 

+2*901 

7 


iwsMm 




1 64 

-2*674 

—4*085 

8 

!■ 

1 -1-262 

1 Absolute Term + 6*1. 

88* 

1 +0*060 

+0*624 


* Hftif wttght. 

(14181) I 4 
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Table IS— contimUi,- 

VALOijU ow THB OoumciBUTTS AND ABSOLUTE Tebaes— co'tvbinmd. 


A. 

B 

B 

■ 

J/- 


A 



Bqnation (oont.). 

SqoatiioD Yg {conU). 

Equation Xg. 

89* 

-0-428 

-0-409 

80* 

BE 

-0-801 

22 

HBiB 

BBn^l 

00* 

+0-104 

+0-473 

81* 


+3-648 

23 

BBiB 

BffnTH 

91* 

-0-821 

-0-600 

H2 

- 6-002 

-0*510 

24 

+0-091 

+0-961 

92* 

+0-062 

+1-018 

88 

+1-932 

+7-309 

26 

-1-.334 

-0-906 

98* 

-1-012 

-0-800 

84* 

-4-226 

-3-173 

26 

+1-319 

+2 * 080 

94* 

+0-628 

+ 1*207 

85* 

-3-670 

-1-8-H 

27 

-1-014 

- 1-666 

95» 

-1-618 

-0-H68 

Bn 

+2-703 

+5-171 

28 

+2-126 

+2-664 

96* 

-1-911 

-0-896 

87 


-1-6.67 

29 

-2-424 

-2-846 

97* 

+0-772 

+2*007 

88* 

-2-941 


30 

+2-671 

+3-044 

98* 

-1-476 

0*522 

89* 

+1-160 


42 

+0-812 

—0-098 

99* 

+ 0-179 

+0-812 

■T i9| 

-4-861 

-2-306 

43 

+2-478 

+0-694 

100* 

-0-786 

-0-498 


+2-240 


44 

+4-617 

+ 1-813 

101* 

-0-004 

+ 0*505 


-6-214 

-2-230 

46 

+3-103 

-.2*465 

102* 

-0-730 

-0*8«H 

93 * 

+3-673 

+5-096 

46 

+0-918 

-3-748 

103* 

+0-107 

+0-708 

94 * 

-8-800 

-2-668 

47 

+3-129 

+0*628 

104* 

+ 0*C22 

+1-023 


+3-424 

+4-769 

48 

+8-6.32 

+ 1*4 88 

105* 

-1-442 

—0-686 

90* 

+2-631 


40 

-2*2«8 

-5*582 

106* 

-0-939 

-0-348 

97* 

-4-943 


50 

+4*206 

+ 1-082 

107* 

+1-117 

+1-288 

mm 

+5-276 

+7-214 

61 

-3-966 

-5-396 

108* 

+0-700 

+1-423 




62 

+8-870 

+2-492 

109* 

-1-344 

-0-191 

Absolute Term + 0*2, 

68 

-2-661 

-6-022 

110* 

-0-362 

+1-010 




54 

+8 * 486 

+2-726 


+0-700 

+1-173 




55 

—4* tJ0*3 

—4-882 

112* 

+1-204 

+2-030 







113* 

-2-722 

-0*02^ 


E<2UAT[0N 

Xi. 

Absolute Term 

-2-6. 

114 

+1-188 

+2-284 



"■1* 




116 

—6-998 

-2-089 


+ 0-709 

+0-972 




116* 

-1-918 

-1-260 

7 

+ 0-066 





117 

+1-684 

+4-869 

8 

+ 1’679 



Equation X,. 

118 

—4-284 

-1-914 

9 

- 0*640 

-2*884 




119 

+1-498 

+2-988 

10 

+ 8-020 

+1-063 

1 

-6-.610 


120 

-8-261 

+0*024 

11 

- 1-426 


2 

+4-861 


121 

+1-648 

+8-465 

12 


-5*541 

8 

-7-880 


122* 

+2-605 

+8-803 

18 

- 2*173 

-3-880 

4 

+1-.386 


128* 

-3-614 

—2-882 

14 

+ 7-273 

+2-767 

5 

-6-722 

—3-380 

124* 

—2-688 

—1-008 

16 

- 2-218 


6 

+6*446 

+4-808 

126* 

+1-200 

+2-646 

16 

4- 6-602 


86 

-4-089 

—5-012 

126* 

+1-884 

+8-820 

17 


-6-840 

87 

■HI 

+5-963 

127* 

—8-273 

-1-678 

18 

+ 8-482 

+1-847 

88 


-7-106 

128* 

—2-864 

—2-068 

19 


-6-031 

89 

+8*889 

+6-229 

129* 

+1-749 

+ 4-102 


+ 8-861 


40 


-6-900 

180* 

1-4-831 

—2-800 

21 

+ 1-063 

-0*864 

41 

+6-740 

+ 8*891 

181* 

+8-872 

+3-914 

22 

+ 2-489 


66 


+0-418 




28 


-9-476 

67 


+0-072 

ADSointe Term 

8-0. 

24 

+11-891 

+8-226 

68 

-1-141 

-1-310 




26 

+ 2-216 


69 

-1-288 

-1-616 




26 

+ 6-688 

-8-298 

70 

+1-824 

+1-928 




27 


-8-761 

71 

+2-686 

+8-089 


Equatiok Til. 

28 

+ 6-044 

-4-496 

72 

-2-881 

8-640 




29 

- 1-268 

—6-992 

78 


+4*252 

48 

+0-811 

+1-818 

SO 

+ 8-260 





49 

-1-080 

-1-864 

81 

- 1-621 


Absolute Teim 

— 28-0. 

60 

+2-098 

+2-806 

82 

- 0-721 

-6-364 




51 

—2-727. 

—2-967 

88 

+ 8-919 





62 

+2-668 

+8-120 

84 

+ 4-888 





68 

-8-221 

-8-608 

85 

+ 2-821 

-1-742 


Equation 

Xj. 

64 

+4-008 

+4-887 

86 

+ 2-176 




** 

66 

-4-017 

-4-222 

87 

+ 1-788 


81 

+6-869 

+8-661 

56 

+4-206 

-0*786 

88 


-2*726 

82 

-5-811 

—2-600 

74 

—1-916 

-1-771 

39 

+ 0-664 


88 

+4-582 

+8-120 

75 

+P-128 

+1-049 

IK] 

+ 0-162 


84 

-7-117 

—8*806 

76* 

,-p-288 

-0-126 

41 


1 -1-666 

35 

+5-648 

+6-484 

77 

+2-176 

+4-086 




66 

-2-176 

—6-976 

78 

-^•617 

-0-776 

1 Absohite Term 

-14-6. 

67 

-8-684 

—6*919 

79* 

-1-0819' 

1 

+0-413 

1 

• 


68 

•+^-860 

+1-820 


* Half wdgbt. 
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Table E—oontmHsdL 

Valitbs op the OoBPPioiBNTS AJSTD ABSOLUTE Tebms— oontmued. 



Equation ( ponU ). 


-0-618 
+ 1-141 
+ 1-288 
-1-324 
- 2-686 
+2-881 
-8-760 


—0-972 
+ 1-816 
+ 1-616 
-1-928 
-8-089 
+8-640 


Absolute Term — 3-2 


Equation Z^ 


+2-029 

-1-2-116 

+0-206 

+2-280 

+0-728 

+2-680 

+8-286 

+1-681 

+8-909 

+0-486 

+0-468 

+0-684 

+0-147 

+1-168 

-0-469 

+1-070 

-0-872 

+0-194 

+1-946 

-1-491 

-0-276 

-0-268 

- 1-002 

+0-892 

-1-018 

-0-612 

+0-186 

+0-667 

-0-794 

-1-040 

+0-461 

-'2-670 

-1-608 

-1-218 

-0-041 

-1-884 

-8-642 

+1-292 

-1-984 

-1-881 

-2-808 

_0-268 

_2-712 

_1-194 

_0-880 

+1-074 


Equation Z^ (co»{.). 


+6-727 

+1-814 

126* 

-4-947 

-1-999 

-2-944 

-6-746 

126* 

-4-682 

+0-608 

+6-008 

+0-006 

127* 

+0-897 

+5-047 

-0-011 

-2-468 

128* 

+ 1-898 

+ 8-866 

-1-099 

-4-661 

129* 

-4-781 

+0-080 

+8-619 

+ 1-876 

180* 

-0-671 

+8-246 

-0-416 

-1-616 

181* 

-2-218 

-1-098 

+0-892 

-0-418 




Equation A^ — 


Absolute Term 


-+•1-654 
- 0-102 
-2-161 
-2-872 
-8-262 
-2-744 
-0-661 
-4-209 
+0-388 
-0-033 
-0-162 
+0-190 
-0-747 
+0-206 
-1-606 
+0-620 
-1-326 
-1-273 
-0-174 
-8-644 
-0-182 
+0-487 
-0-426 
+0-927 
-0-649 
-0-299 
+ 1-028 
+1-270 
-0-709 
-0-680 
+ 1-841 
- 1-886 
-1-246 
+0-022 
+2-086 
-0-909 
+1-140 
+2-084 
+1-298 
+1-664 
_0-884 
+6-614 
+0-147 
+0-696 
+1-784 
+8-214 



* Half Weight. 
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ITaUa S—oonoA«fedL 

Values of the Coefficoinis and Absolute Tebmb— oonolmhd . 


I 


A 

y - 


m 

mm 

1 

Equation A3 { conL ). 


Equation A 

88 

+1 

+1 

56 

0 


89 

-1 

-1 

57 

-1 


40 

+1 

+i 

58 

+1 


41 

-1 

-1 

59 

+1 


66 

0 

-1 

60 

“1 


67 

-1 

-1 

61 

+1 


68 

+1 

+1 

62 



69 

+1 

+1 

68 



70 

~1 

-1 

64 

+1 


71 

-1 

-1 

88* 

0 


72 

+1 

+1 

89* 

+1 


73 

-1 

-1 

90* 

-1 





91* 

+1 


Absolnte Term +0*72 

92* 

-1 





98* 

+1 





94* 

-1 





95* 

+1 





96* 

+1 





97* 

-1 





98* 

+1 



Equahon Ai 

99* 

-1 





100* 

+1 


81 1 

-1 

-1 

101* 

-1 


82 

+1 

+1 

102* 

+1 


88 

-1 

“1 

108* 

-1 


84 

+1 

+1 

104* 

-1 


35 

-1 

-1 

105* 

+1 


56 

+1 

+4 

106* 

+1 


57 

+1 

+1 

107* 

-1 


56 

-1 

-1 

108* 

-1 


59 

-1 

-1 

109* 

+1 


60 

+1 

+1 

no* 

-1 


61 

-1 

-1 

111* 

-1 


68 

+1 

+1 

112* 

-1 


68 

+1 

+1 

118* 

+1 


64 

-1 

-1 

114 

-1 


65 

+1 

+1 

115 

+1 


66 

-1 

0 

116* 

+1 


67 

+1 

+1 

117 

-1 


68 

-1 

-1 

118 

+1 


69 

-1 

-1 

119 

-1 


70 

+1 

+1 

120 

+1 


71 

+1 ■ 

+1 

121 

li 


72 

-1 

-1 

122* 

_i 


78 

+1 

+1 

128* 






124* 

ii 


Absolute Term +0*55 n 

125* 

li 




1 

126* 

_i 





1 


-1 

-1 

+1 

+1 

-1 

+1 

-1 


B 


f. 

]ji(liintioii Aj ( cont ,). 

127* 

1 +1 

1 +1 

128* 

+1 

+1 

129* 

-i 

-1 

130* 

+1 

+1 

131* 

-1 ! 

—1 


AbRolntoTerm +K'r>() 


-1 

+1 

-1 

+1 

-1 

+1 

-1 

+1 

-1 

+1 

+1 

-1 

+1 

-1 

+1 

-1 

+1 

-1 

-1 

+1 

+1 

-1 

-1 

+1 

-1 

-I 

-1 

+1 

-1 

+1 

+1 

-1 


+1 
-1 
+1 
~1 
—1 




Budatioh Ag 

48 

0 

-1 

49 

+ 1 

+ 1 

50 

-1 

-1 

51 

+1 

+1 

52 

-1 

-1 

58 

+1 

+1 

54 

-1 

— 1 

55 

+ 1 

+1 

56 

-1 

0 

74 

+ 1 

+1 

75 

-1 

—1 

76* 

+1 

+1 

77 

— i 

-1 

78 

+1 

+ 1 

79* 

+ 1 

+1 

80* 

+1 

+ 1 

81* 

-1 

1 —1 

82 

-1 


88 

-1 

—1 

84* 

+1 

+1 

85* 

+1 

+1 

86 

-1 

—I 

87 

+1 

+1 

88* 

+1 

+1 

89* 

-1 

—1 

90* 

+1 

+1 

91* 

-1 

—1 

92* 

+1 

+1 

98* 

-1 

—1 

94* 

+1 

+1 

95* 

~1 

—1 

96* 

-1 

—1 

97* 

+1 

+1 

98* 

-1 

—1 

Abuolute Teim- 

-2.95 


JNOBMAM m Solution of Oibouitb. 

+ U-74MB, - 4'8SJ9B4 + U-Mlir, + S».0848r, + 20'6890I, -H-SSOK, 

+«-«9.^ - 9.«,9B, + X4..M9Y. + 1..9e9,T, + ..-aoetr “ ' 

. 4.,29.B. ...,„9Y, . .O.4.7.Y. , 

- *•«»... U.991.B. . X.9999T.- 99 . 9 , 9 , 7 .^ ' 

- 0-0820Ai - 0-9490A, - 1.86 s ( 


• Half Weight. 
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Nobuals is SoLxmoK OF CntouTES— contimted. 

- 8’06»2B, + 9-4901B. - 2*8218Yi - 16*62611?, - 61*4606X, - 0*8200Xj 

+ 2*8620Ai -4*0180A, +2*86 =: 0 

+ 7*2409B, + 4*7662Bi, - 22*6608T, + 0-6880T, + 26*8741X8 + 10-8646X. 

+ 0*1160A, + 0* IMOA, —8*82 = 0 

+ 9-1014B, - 0*8248B, — 18*26277. + 18*2627Y4 - 4-4970X, + 4*4970X. 

+ 2-2480A8 — 0*2880A, -1*47 = 0 

+ 8*6646Bg - 0*8860Bio + 0*8860Bu + 29*609174 + 1*76577, + 8*6608 7, 

+ 28 * 2140 X 4 + 26 * 2419 X 5 + 1*9977 X, + 0*8830A4 + 0-8480A, — 0*7810A, = 0 

- 0*8248B, + 1*1476B, + 0*06217, + 0*8069 74 - 0-4182X, + 1*2687X4 

+ 0*4940A,-0*7280Ai =0 

- 0*8860Bb + 88*6876Bio -19*68668,, + 8*491674 + 56*66627. - 67*76927, 

- 8 * 0866 X 4 + 187 * 1890 X 5 - 06.8987X, + l*4820Aj - 6*4230 Ab + 6*6760A, +6*27 = O 

+ 0*88608, - 19*5866Bio + 46-mOBu- 8*491674 + 7*66107, + 116*64467, 

+ 8 * 0866 X 4 - 26*1698X5 + 136*7828X, - l*4820Ai + 2-8770A, - 2*6200A, - 9*97 = 0 

+ 4*7562B, + 6*8976Bi,- 8-3531Y, + 3*78447, + 22*1889X, + 12.8277Xa 

+ 2*1440Afl -1*8180A, +0*66 =s 0 

+ 13*0811Bi + 14*68028, + 6 *05398, + 1*999084 - 2*82188, + 1788*01067, 

- 47*27647, + 15*57627. - 168*008874 - 491*8398Xi - iyi*1666X, 
+121*6421^+827*2176 X 4 + 292*67101,- 109*8770A, - 20*8890A8 

-66*800044 + 8*80 = 0 


+ 18*96688, - 16*62618, - 22*66038, - 8*8631Bi, - 47*27647, 

+ 417*27877, + 96*84667, + 121-1402X, + 140*7110X, - 20*1882X, 

-10*4780Ai + 96*84604, - 86*48004, +6*10 = 0 

+ 29*08488, - 62*2697B4 - 18*26278-+ 0*06218, + 16*67627, 

• + 688 * 88597, - 61 * 86O8Y4 —61 * 404te, + 179 * 2478X, - 12 * 9464X4 

+ 20*8280Ai - 64*6140A, + 1*965044+22*8 = 0 

- 30*42788, + 18*26278- + 29*60918, + 0*80698, + 3*49168,0 “ 3*49168,, 

- 168* 0038 7j - 61*86087. + 666*864474+ 188*73787, + 29*1762 7, 

- 166*083^, -12*9464X, - 174*6602X4 + 87*9297X15 - 22-2055X, 

-26*4270Ai + 3*6840A, + 79*114044 -45*56904, - 7-0600A, -10*00=0 

+ 1*76678, + 65*66628,0 + 7*6510B„ + 188*737874 + 774*7827^ 

- 188*80687, - 160*9996X4 - 165 ■8077X5 + 89-2071X, + 61*861044 

- 298*82704, + 87*41904, -8*00 = 0 

+ 0*88808, + 8*66088, - 67*7692B,o + 116*6446Bu + 8*7844B]« 

+ 96*84667, + 29*176274 -188*80587, + 1266*6649Yo + 166*7760X9 
- 8*6660X4 - 164*8860X, - 166*8484X, + 46*89804, + 8*4200 44 

+ 169*87004, — 298*68604, +0*20 = 0 

+ 20*6890Bi + 95*80628, + 27*87888, + 11*864084 - 61*46068, 

- 491*88987i + 121*14027, - 61*40467, -186*088674 + 1866*6717X, 

+ 74*9338X, + 26-9227X, - 08*2941X4 - 160*8600A, + 69*6420A, 

- 1*4640A, - 0*678044 -14*60=0 


+ 8*87868, - 0*82008, + 26*87418, + 22*18898u - 191*16667, 

+ 140*71107, + 166*77607, +74*9888X, + 422*1678X, + 47*0610X, 

- 27*78604i + 100*4100A, - 68*62904, -2*60 = 0 


- 11*28688, + 86*591184- 4*49708- - 0*41828, + 121*64217, + 179*24787, 

-12*946474 + 26*9227X, + 914*2406X, -84*1691X* + 66*46404. 

-160*14004, +80*69204, -28*00=0 


- 6*93488, + 4*49708- + 28*21408, + 1*26878,-8*08608,. + 8*08668,, 

+ 827*2mY, - 12*94647, - 174*660274 - 160*99967, — 8*66607, 

-68*2941X, - 84*1691X, + 764*6189X4 + 49*2691X, + 49*7216X, 

+ 69 * I82OA1 + 80 • 71804, - 161 * 7OIOA4 + 67 * 67004, + 2 * 17604, —8 * 20 = 0 

+ 26*24198, + 187*1890B,o - 26*1698^ + 87*929774 - 166*80777, 

- 164*88607, + 49*259-lX4 + 610*6866X - 60’0778X, + 0*9740A,i 

+ 114*91904, + 29*97704, + 2*60 = 0 


+ 10*86468, - 1*99778, - 66*89878,0 + 186*78288,, + 12*8227]Bu 

- 20*18827, - 22*206674 + 89*20717, - 166*84847; + 47*0610X, 

+ 49*7216X4 - 60*0778X, + 884*6641X, + 6*42104, - 8*9210A1 

- 64*11104, + 165*84604, -82*90=0 
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Nobm!^ in SoLimoK oi' Cirouitb— mOmwd. 


+ 0*0830B, - 3*6960B« + 0-7740B, - 0-0820B. + 2*S620B. + 292*6710T, 

- 10-4730T. + 20-32«0y, - 26-4270Y4 - leO-SSOOl, - 27-7860Xg 
+ 66’4fi40Xg + 39‘1820Si + 71'OOOOAi - 17*0000Ag -12’0000A, -lO'OOOOAg +1‘04:=:0 


+ 4'8820Bg - 4'0180Bj + O'llOOB. + 2*1440B]« — 109 *377071 + 93 •84607, 
+43'8980Ya + 69*C420Xi+ lOO-ilOOX^ + 6‘4210Xg — 17*0000Ai + 46-OOOOAg 

• -16-OOOOAj 


+0*43=0 


- l'1840Bi - 0*9490B4 + 2*24808, + 0*49408, - 20-889071 - 64*61407. 

+ 8-684074-1 *4640X1 - 160-1400X. + 30 * 7180 X 4 - 12*0000Ai + 88*OOOOAj 

- U-OOOOA* +0*72=0 


— 0*7740B. - 0-28H0B, + 0*8880B„ — 0*7230B, + 1 *432081, - l*4820Bii 

- 65*80007i + 1*96607. + 79*114074 + 31 *86107. + 3*42007- - 0*6780Xi 
+ 30-6920X, - 161-7010X., + 0*97‘I0Xg + 8-9210X. - lO-OOOOA,- 14-OOOOA. 

+• 16 * 0000 X 4 - n-OOOAg - l*OOOOAg +0*63=0 


+ 0*84808. - 6*42808io + 2*8770Bi, - 46*569074 - 293*32707, 

+ 169*87007- + 57*6700X4 + 114*9190Xg - 64-lllOX, - 17*0000A. 

+ 177 • OOOOAg - 42 * OOOOA, + 8 • 60=0 

+ 0 * 1630B, - 0 * 781 OBg + 0 * 6760Bio - 2 * 6200Bii - 1 * 31 SOBj, - 36 * 48007, 

- 7 * 050074 + 87*41907, - 298 * 68607- — 33 * 6290X2 + 2 * 1750X. + 29 • 977OX5 

+ 166-8460X, - 16*0000Ag - l*(Jt^OOA4 - 42-OOOOA, + 100*0000A, -2*96=0 


VaijUbs of the Factors. 


Factor. 

Value. 

Factor. 

Value. 

Factor. 

Value. 

Bi 

+0*81089 

Bii 

+0*86982 

3:8 

+0*34761 


-0*01268 


-1*02096 

x* 

+0*06614 

B, 

-0*09178 


+0*00284 


+0*08686 

B* 

-2*88089 


+0*06703 


+0*04261 

B, 

-0*87882 


-0*29862 

A. 

-0*22863 


+1*61805 


-0*02702 


+0*01667 


-0*46900 


—0*06617 


+0*90864 


-0*19919 


-0*10911 

a; 

+0*27726 

Bj 

-0*27092 


-0*08460 

A, 

-0*16446 

Bid 

-0*01876 


-0*09488 

A. 

-0*46101 















Table F. 


SOLTTTION OP CiBODIT EqUATIOITB . 


EesfMng Correotions. 


A 

X 

y 


A 

a 

y 

Jt 


H 

ti 

n 


It 

n 

, ft 

1 

“l -89 

+ 0*48 


67 


-0*88 

+0*02 

2 

+ 0-49 

- 0*45 


68 


+ 0*81 

+0*88 

3 

- 0*76 

+ 0*28 

+ 0'52 

69 


+ 0*82 

+0*86 

4 

+0-88 

- 0*69 

+ 0*26 

70 



+ 0*03 

fi 

+0-02 

- 0*09 

+ 0*07 

71 


+ 0*24 

+ 0*08 

6 

- 0-80 

+ 0*82 

+ 0*48 

72 


+ 0*29 

-0*68 

7 

+ 0-16 

+ 0*07 

" 0-28 

78 


+0*86 

+0*01 

8 

- 0-85 

+0*86 

-0*01 

74 


+ 0*47 

-0*20 

9 

+ 0-24 

+ 0*04 

- 0*28 

75 

- 0*65 

+0*88 

— 0*23 

10 

- 0-19 

+0*20 

—0*01 

76 

+ 0*76 

— 0*67 

- 0*19 

11 

+ 0*39 

- 0*08 

— 0*81 

77 

- 0*60 

+0*21 

+ 0*29 

12 

+ 0'85 

- 0*08 

- 0*32 

78 

+ 0*48 

-0-88 

-0*10 

13 

+ 0*26 

- 0-07 

- 0-19 

79 


— 0*23 

- 0*04 

14 

— 0-38 

+0*86 

+ 0*03 



— 0*84 

- 0-19 

15 

+ 0*81 

- 0*03 

- 0*28 

81 

■SVsH 



1 C 

- 0-23 

+ 0*08 

+0*20 

82 

+0-88 

- 0*38 

- 0*06 

17 

+0-12 

- 0*18 

+0*01 

88 

- 0*54 


+ 0*44 

18 

- 0*07 

- 0*08 

+ 0*16 

84 

+ 0-67 

- 0*42 

— 0*26 

19 

+0-22 

-0*20 

-0*02 

86 

+0-88 

- 0*85 

- 0*08 

20 

— 0-15 

- 0*08 

+ 0*23 

80 

- 0*28 

+ 0*07 

+0*21 

21 

+ 0-28 

- 0*26 

+0*02 

87 

+ 0*26 

- 0-32 

+ 0*06 

22 

— 0-33 

+ 0*16 

+ 0*17 

88 

- 0*63 


+ 0*62 

28 

+ 0*26 

- 0*08 

- 0-23 

89 

+ 0*78 

- 0*69 

- 0*09 

24 

— 0*44 

+ 0*36 

+ 0-09 




+ 0*48 

25 

+0*10 

+0*11 

-0*21 

91 

+ 0*55 


+ 0*06 

2 C 

+0-02 

+ 0*16 

- 0*17 

92 

- 0*48 

- 0*18 

+ 0*60 

27 

+ 0-13 

+ 0*08 

-0*21 

98 

+0*22 

- 0*41 

+ 0*19 

28 

+ 0*16 

+0*11 

- 0-27 

94 

- 0*90 

+0*22 

+0*68 

29 

0*00 

+ 0*09 

- 0*09 

96 


—0*68 

- 0*18 

80 

-0*21 

+ 0*27 

-0*00 

96 


—0*86 

- 0*16 

81 

- 0-36 

+ 0*08 

+ 0*28 

97 



+ 0*99 

32 

— 0*48 

+ 0*08 

+ 0*40 

98 

- 0*25 

-0*21 

+ 0*46 

33 

—O'Ol 

-0*20 

+0*21 

99 

-0*66 

+ 0*29 

+ 0*27 

34 

—0'20 

-0*12 

+ 0*82 



- 0*24 

- 0*26 

35 

+ 0'14 

- 0*18 

-0*01 

■ ■ 

- 0*62 

+ 0*29 

+ 0*28 

30 

+ 1*38 

- 1*18 

- 0*25 


+ 0*46 

-0-22 

- 0*24 

37 

—1*02 

+ 0*38 

+ 0-64 

103 

- 0*47 

+ 0*26 

+0*21 

38 

+ 0-13 

- 0*31 

+ 0*18 

104 

-0*88 

+0*21 

+ 0*17 

30 


+ 0*73 

+ 0*43 


+ 0-34 

- 0*14 

-0*20 

40 

+0-10 

- 0*03 

- 0*07 

100 

+ 0*89 

— 0*17 

-0*22 

41 

— 0*38 

+ 0*41 

- 0*03 

107 


+ 0*14 

+ 0*18 

42 

— 0-06 

- 0*28 

+ 0*33 

108 

- 0*28 

+ 0-17 

+0*11 

43 

+ 1-10 

- 0*71 

- 0*89 



- 0-14 

-0*21 

44 

, - 0*97 

+ 0*87 

+0*10 



+0*22 

+0*12 

45 

+ 0*fi0 

+ 0*47 

- 1*07 

111 


+ 0*14 

+0*11 

40 

— 0*47 

+ 0*64 

- 0*17 

112 


+0*11 

+0*01 

47 

+ 0*72 

- 0*03 

- 0*69 

118 

+0*10 


-l 0*09 

48 ' 

+ 0*67 

- 0*13 

- 0*44 

114 



0*00 

49 

+0*20 

- 0*06 

- 0*14 

115 



—0*01 

50 

_ 0 * 1 C 

+ 0*24 

- 0*08 

116 



— 0*06 

51 

_0*12 

+0*11 

+0-01 

117 

+ 0*08 

0.0-02 

.- 0-05 

52 

_ 0*17 

+0*20 

_ 0*08 

118 

_0*02 

+ 0*08 

-0*01 

58 

_ 0-43 

+ 0*89 

+ 0*04 

119 


+0*01 

-0*02 

54 

+ 0*45 

_ 0*07 

-0*88 



+0*02 

- 0*03 

55 

- 0*61 

+ 0*81 

+0*20 

121 



- 0*08 

50 

+0*86 

- 0*84 

- 0*61 




- 0*06 

57 

+0*12 

- 0*08 

- 0*09 

128 



+ 0*04 

58 

- 0*04 

+ 0*04 

0*00 

124 


+ 0*04 

+ 0*06 

59 

- 0*07 

+ 0*04 

+ 0*08 

125 

+ 0*28 

- 0*18 

-0*10 

00 

+ 0*07 

- 0*04 

- 0*08 

126 

+0*20 

- 0*18 

— 0*07 

01 

- 0*08 


+0*02 

127 

- 0*27 

+0*10 

+ 0*17 

02 

+ 0*08 

- 0*06 

—0*02 

128 

- 0*27 

+0*12 . 

+ 0*16 

08 


- 0*06 

+0*01 

129 

+ 0*31 

_ 0*17 

- 0*14 

64 


_ 0*08 

+0*02 


_0*88 

+ 0*18 

-0*20 

+0*20 

65 

06 

— 0*42 

+ 0*70 

+ 0*09 

_ 0*17 

+0*88 

_0*68 

181 

+0*88 

_ 0*18 
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Table G. 


VaLTTBS OS' P AND Q IN SuPPUHMBNTABr AdJUBOMBNT OP CHAINS a, h, AND C. 



P , 

a 

\i 

p . 

a 

i 

s 

P. 

Q- 


OBAisr A. 


1 OG 

OlUlN B 



Ohain 0. 


98 

+ 1‘6223 

+ 2-4732 


+ 1-4048 

- 2-0135 

112 

- 1-7978 

- 0-1302 

99 

+ 1-2758 

+ 2-1980 

|. 10-1 

+ 1-2150 

- 1-4840 

118 

- 1-5604 

+ 0-0901 

100 

+ 1-0998 

+ 1-3314 

, 105 

+ 0-7214 

- 1-5499 

114 

- 1-1628 

+ 0-0038 

101 

+ 0-8295 

+ 0-8899 

' lOG 

+ 0-4970 

-1-2201 

115 

- 0-9990 

+ 0-0340 

102 

+ 0-8204 

+ 0-2458 

■ 107 

+ 0-4275 

- 0-8704 

110 

^9iSTiKT!fl 

- 0-0960 



0-0000 

108 

+ 0-1592 

- 0-6027 

117 

- 0-7748 

— 0-0084 




80 


- 0-2684 

118 


+ 0-0831 




s “ 



81 




Table H. 


SUPPLEMBNTAUT AdJITSTMHNT OP ClJAINS a, 1), AND C. 
Values of the Coefficients and Absolute Terms. 


A 

y- 

m 

■ 

y - 


A 

V 



Hqttation Ba. 


Eqoatiom Bo. 


Equation Ye. 


+ 0-78 1 

- 0-62 

76 * 

+ 0-67 

- 0-50 

56 

+ 2-29 

+ 2-06 

67 

+ 0-82 

- 0-60 

77 

- 0-24 

- 0-90 

88 * 

+0-20 

-0-10 

58 

+ 0-27 


78 

+ 1-07 

- 0-89 

89 * 

+ 0-47 

+ 0-19 

59 

+ 0-76 


79 * 

-0-20 

- 0-85 

00 * 

+ 0-29 

- 0-39 


+0-20 


80 * 

+ 0-06 


91 * 

+ 0-79 

+0-11 

01 


- 1-04 

81 * 

+ 0-41 

- 0-52 

92 * 

+ 0-37 

-1-00 

02 

+ 1-13 

Ki*U‘ iB 

H 2 

+2-00 

+ 0-99 

93 * 

+ 0-80 

- 0-08 



-0-01 

83 

+ 0-08 

- 1-96 

94 * 

- 0-30 

- 1-28 

04 

+ 0-01) 1 

- 0-28 

84 * 

+0-00 

+ 0-24 

95 * 

+ 1-43 

+ 0-50 




85 * 

+()•<!« 

- 0*29 

90 * 

+ 1-05 

+0-01 

Absolute Term 


8(5 

- 0-05 

- 0-92 

97 * 

- 0-45 

- 2-09 




87 

+ 1-25 

- 0*48 

98 * 

+ 1-19 

- 0-07 




88 <^ 

- 0*80 

- 1-96 










Absolute Term 

+ 0-70 




Abflolnte Term 

-0-12 




■ 

BQTrAnoH ' 





Equation Yo. 

66 

■fO -41 

+ 1-08 




76 * 

- 1-62 

- 1-87 

88 * 

+ 0-92 

+ 0-89 




77 

+ 1-64 

+ 1-48 

89 * 

+0-86 

- 0-46 




78 

-1-CO 

—1*21 

90 * 

+ 0-76 

- 0-89 


Equation Ya. 

79 * 

- 1-28 

—1-12 

91 * 

+0-68 

- 0-74 




80 * 

- 1-80 

—1-21 

92 * 

+ 0-91 

-0-66 

58 

- 0-27 

I + 0-62 

81 * 

+ 0-80 

+ 0-90 

98 * 

+0-12 

- 0-98 

59 

- 0-82 

+ 1-69 

82 

+0-66 

+ 0-81 

94 * 

+0-10 

- 0-64 

60 

- 1-87 

+ 0-16 

83 

+ 0-90 

4 - 1-09 

96 * 

+0-88 

- 0-41 

61 

- 0-67 

+ 2-61 

84 * 

- 0-67 

- 0-65 

90 * 

+0-86 

- 0-87 

62 

- 3-75 

- 1-40 

86 * 

-0-66 

— 0*41 

97 * 

1 + 0'52 

- 0-99 

68 

- 2-70 

+ 0-78 

86 

+ 0-60 

+ 0-48 

98 * 

1 — 0-87 

- 1-62 

64 

-0-66 

+2-01 

87 

- 0-58 

-0-00 

.' Absolute Term +0*12 

Absolute Term 

- 0-60 

Absolate Term + 0-70 


♦ Half •weight, 
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Table H— ecnetuiei. 

c 

Sttpplbmbntart ADJUBTiCEirF OF Chahts a, Z>, AKD 0— contirmed. 


A 

F- 


D 

y- 


A 

y* 

Zm 







EouATioir Ab« 


Equatiox Xa. 


Equation Xo. 










66 

+1 

0 

58 

-0*89 

-0-91 

76* 



88* 

0 

—1 

59 

-1*76 

-0*78 

77 



89* 

+1 

*fl 

60 

+ 1-11 

+2*86 

78 



90* 

-1 

—1 

61 

-2-25 

-1*09 

79* 



91* 

+1 

+1 

62 

+0-76 

+2*18 

80* 



92* 

-1 

-1 

68 

+1-37 

+3*36 

81* 

-0*47 

+0*37 

98* 

+1 

+1 

6*1 

-3-60 

-2*41 

82 

-2*61 

-0*99 

94* 

-1 

-1 




88 

—0*17 

+1*67 

96* 

+1 

+1 

Absolute Term 

0*00 

84* 

-0*06 

+0*16 

96* 

+1 

+1 




86* 

+0*04 

+0*41 

97* 

-1 

-1 




86 

+0*11 

+0*66 

98* 

+1 

+1 




87 

+0*03 

+0*36 










Absolute Term 0 * 00 




Absolute Term +0*50 





EQVi-XION Xb. 





BotTAXIOK Ao. 

36 

+1*42 

-1*60 




76* 

+1 

+1 

88* 

-0-26 

-0*47 


Equavion Aa. 

77 

-1 

-1 

89* 

-0-08 

+0*84 




78 

+1 

+1 

90* 

-0-71 

-0*58 

56 

-1 

-1 

79* 

+1 

+1 

91* 

+0-23 

+0*88 

67 

-1 

-1 

80* 

+1 

*fl 

92* 

-1-27 

-0*60 

68 

+1 

+1 

81* 

-1 

-1 

93* 

+0-70 

+1*69 

69 

+1 

+1 

82 

-1 

-1 

94* 

-1-81 

-0*91 

60 

-1 

-1 

88 

-1 

-1 

»5» 

+0-71 

+1*62 

61 

+1" 

+1 

84* 

+1 

+1 

96* 

+0-24 

+1*47 

62 

-1 

-.1 

86* 

+ 1 

+1 

97* 

-2-12 

-0*28 

' 63 

-1 

-1 

86 

-1 

-1 

98* 

+1-C9 

+8*68 

64 

+1 

■fl 

87 

+1 

+1 







88* 

+1 

0 

Absolnte Term 

-0*60 

Absolute Teiui 0*00 










Absolute Term 0*00 


Normal EqyMtions. 

+ 8'7B, —O'SRj - 13*lir, + 0'4ri - r)'8X« + 2 -OXi - 0‘4A, + 0-7A» = 0 

- 0*3B, + 24-GB* - 6*lBc + 16'9Yj - 23-lXj - I- IA, - 4-9Aj + 1-8A, + 0-12 = 0 
-C-lBj + 31-8B, - 2-6y. +2-3X,- 20'8X, + 3-9A» - 0-8A. - 0*12 = 0 
-13-lB, + 39-9T« - 18-2X. + 18-8A, - 0-50 = 0 
+ 0-4B. +16-9B* + 49'8Y» + 18-7X, - 4-4A,+ 20-4A* + 0'4A, + 0*70 = 0 

-2-6B. + 88-9T. - 8-7X, - 84-CA. + 0*70 = 0 
-6-8B,-18-2Y,+ 06*4X,-24>8A, =0 

+2-0B. -28-lB, +2-3B, +18-7yj + 78-4Xt + 0-lA. + 48-7A, - 0-6A, - 0-50 = 0 

-20'8B, - 8-7Y, + 24‘8X, + 6’4A. + 0-30 = 0 
- 0-4B. - 1-4B* + 13-8Y. - 4-4Y* - 24-8X. + 0-lXj + 18-OA. - 1-OA, = 0 

+ 0-7B, - 4-9B, + 3-9B. + 29-4Y* + 48-7X* -1-OA, +48-0Aj - 0 

+ 1-8B» - O'SB. + 0-4Y* - 84-6Y. - 0-6X* + C-4X;. + 88*0A. = 0 


Values of Paotobs. 


Factor. 

V'alue. 

Factor. 

Value. 

Factor. 

mm 

Paotor. 

Value. 

B. 


1 y. 


X. 

- 0*0078 

A. 

— 0*0682 

Bt 


Y» 


X, 

+ 0*0470 

A) 

+ 0*0186 

a. 



- 0*1058 

X. 

- 0*0160 

A. 

— 0*0969 
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Table J. 


SUPPMOIBNTAIIT ADJUSTMENT OF QhAINS a, h AND C . 
Besvlting Correotiona. 


4 


y. 

Z, 

a 

x. 

y- 

7. 


If 

tt 

it 


U 

u 

ft 

56 


+0*04 


83 

+0*02 

+0*01 

— 0*03 

57 


+0*08 


84 

+0*14 


—0*0H 

68 

+0-11 


-0*06 

85 

+0*18 



59 




86 




GO 




87 



—0*09 

61 



+0*01 

88 

-0-09 


+0*14 

62 

+0-09 


-0*03 

89 


+0-13 

—0*00 

63 







—O-IO 

64 


—0*02 

+ 0 * 04 

91 




70 

-0-28 

+0*16 


92 



-.0*06 

77 

+0*16 

-.0*07 


98 




78 


+0*07 


94 



—0*04 

79 

--.0-06 

+0*06 

+0*01 ' 

96 



0*00 

80 

-0*18 

+0*08 


96 



O'OO 

81 


+0*02 

-0*02 

97 


^BKdiih 

4-0*18 

82 

~0-08 


+0*02 

98 

Hil 

-0*08 

HH8I 


Table K, 

AbBITRABT CORBBOnONS FOB OlBOUIT OlOSUBB. 


A 

07 . 

y* 

r. 

A 

.c. 

y* 

z. 


It 


n 


u 

n 

It 





91 

+ 0*38 

-0-25 

—O’13 

92 $ 


-0*07 


09 

+ 0*11 

—O'Ol 

—O'10 

<33 

~0*U3 

+0*06 

-0*02 

100 


+0*06 

—0’12 

34 

—0*07 

+0*01 

+0*06 

101 

-0*08 

+0*11 

—0*08 

35 

+0*19 

-0*08 

-0*11 

102 


-0*03 

—O’10 

44 


-0*07 

-0*10 

103 

+0-01 

+0*03 

—0*04 

45 


-0*09 

-0*14 

104 

+0-11 

-0*03 

^0'08 

46 



-0*16 

105 


+0*01 

—0’02 

47 


Kssn 

+0*11 

106 


—0*01 

—0'02 

. 1)9 

1 -0'03 

+0*12 

-0*09 

107 


—0*04 

—0*04 



-0*06 

-0*16 

108 


-0*04 

—0 * 08 


^KS|QB 

-0*01 

-0*10 

109 


-0*04 

_A. 01 

09 


-0*11 

-0*01 

110 

+0*17 

-0*14 

V4 

—0*08 

68 

64 

89 

90 

—U*01 
+0*20 
0*00 
+0*84 

-0*07 

-0*19 

+0*16 

-0*24 

+0*08 

-0*01 

-0*16 

-0*10 

111 

112 

118 



vr V4J 

-0*01 

+0*11 

+0*04 
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Table L, 


Final Oo-obdinatbs of Stations in Oibouits. 


Origin 25°, Lq — 29°. 


Oo-ordiuatefl. 


Station. 


Breakfast Ylei 
Hogsback .. 
Bekruip Kop 
Gonnbie 

Windvogel Berg 

Mbiilu 

Lubisi 

Owecweni ,. 

Xuka 

Bazeia 

View Hill .. 
Ncolora 
Nqnashn .. 
Lalciykok .. 
Insizwa 
Jambla 
Mount Onirie 
Zwaartberg 
Malowe 
Mabehlan .. 
Marwaqa .. 
Byraetown.. 
Inhlnzan .. 
Zwartkop I. 
Spioenkop .. 
ijTOchar .. 
Table Monntaiu 
Umkolumbn 
Onderbrook.. 
Jobekop 
Biggarsberg 
Noma Hill 
Salt Lake .. 
Drakensberg 
Inkwelo 
Gemsbokberg 
Hermitage .. 
Xaalkop II. 
Yaalbo^ Kop 
Vierfontein,. 
Langberg II. 
Blondskop II. 
Ka£Br Kop.. 
Liebenberg Sti-oo 
Bietfontein.. 
Mijnhordt’s Bust 
Zwartki'ans.. 
Bbebokberg 
Idaobacbe .. 
Mabnia 
Thaba Putsua 
Aaavo^el Berg 
Nthodmonato 
Helvelyn .. 
Bendearg .. 
Waaohbank Peal 
Nthabankuin 
Langberg I. 
Hlamimpesi Berg 


Y. 


Bng. foet. 
+637139-0 
+608303-5 
+465795-0 
+89280G-8 
+582411-6 
+400707-8 
+46R017-2 
+302167-9 
+313707-2 
+191802-1 
+165943-4 
+ 55911-3 
+ 14450-2 
+ 69860-8 

- 64787-3 
+ 87899-8 
-182061-7 
-181108-2 
-274928-8 
-292690-7 
-286779-1 
-.077066-0 
-308137-4 
-398496-2 
-264192-8 
-3618i)7-0 
-205988-9 
-.366887-4 
-260629-6 
-389010-5 
-329636-7 
-467016-6 
-848883-4 
-224342-1 
-269188-6 
-188940-8 
-111876-6 

- 17869-2 

- 8366-0 
+134222-2 
+160888-9 
+284698-0 
+328680-9 
+404167-0 
+460867-7 
+497886-4 
+816793-9 
+499246-0 
+861776-9 
+662481-8 
+842462-5 
+614686-3 
+898492-0 
+642104-6 
+319162-6 
+488659-7 
-432086-1 
-384282-4 
-470669-4 


X. 


Biig. feet. 

+2948376-0 
+2767098-6 
+2910423-2 
+2772392-6 
+2668639-8 
+2600932-7 
+2466017-6 
+2500341-8 
+2291290-0 
+2882011-1 
+2228866-7 
+28149.32-0 
+2289688-7 
+2097489-1 
+2106927-9 
+1999866-6 
+1989917-7 
+1862166-8 
+1980249-0 
+1841688-2 
+1747070-2 
+ 1742428-8 
+ 1652-M)0-7 
+1071666-3 
+1617785-6 
+1534.366-3 
+1497400-7 
+ 1418986-1 
+ 1827842-0 
+ 18029.38-2 
+1169087-2 
+1174801:6 
+1061160-9 
+1088828-6 
+ 916642-8 
+ 898480-6 
+1000122-8 
+ 939571-9 
+1067799-0 
+ 978886-4 
+1176009-2 
+ 964888-8 
+1181116-5 
+ 966791-8 
+1066710-0 
+ 1129807-0 
+1277418-2 
+1404764‘7 
+1686986-8 
+1681172-8 
+1721079-8 
+1980849-6 
+1998726-0 
+2077478-1 
+2222944-7 
+2278108-8 
+ 907622-8 
+ 798775-5 
+ 806036-9 


(14181) 


K 










146 


Table h—conUnaed. 

Futaii CJo-ORDiBrATBH 0'S STATIONS IN CiBOUiTS— Continued. 


Station. 

Oo-ordinates. 

T 

X 

Elandaberg III. .. .• . 

-888548-7 

+ 727736-7 

Spitzkop I.. 

-428488-8 

+ 688420-6 

Tafelkop (JSrmelo). 

-836449-2 

+ 546567-3 

yiakfontem. 

-489800-4 

+ 450606-4 

Baaljes Bult . 

-400397-2 

+ 412.392-6 

Tafelkop ^aivel’s Eantoor) . 

-670429-6 

+ 273011-7 

Terloren vlei .. 

-360893-1 

+ 124800-0 

Wonderfontoin. 

-292862-8 

+ 29.3487-7 

Paaplaats. ., 

-261908-2 

+ 245124-2 

Groot Biet Tlei. 

-247881-6 

+ 171784-1 

Faardekop I. . 

-261692-9 

+ 20400-3 

Bhenosterkop L. 

+ 17960-2 

+ 214083-7 

Qnagrafontem. 

- 76317-1 

- 41298-Jl 

Zwo^loof. 

+276001-6 

- 491G.3-1 

Cable Hill. 

+273708-6 

+ 2.51900-3 

Bosbofsberg . 

+4.52412-2 

- .51108-2 

Nooitgedaoht L. 

+482961-6 

+ .316,335-0 

Obsei^tory inn (Johanneaburg') 

+302740-6 

+ 4.31303-8 

Blijyoornitzicht. 

+.520447-0 

+ 621751-9 

Paard^op II. 

+266369-1 

+ 6571.34-4 

Witkqp II.. 

, +496437-1 

+ 0573.38-6 

Eland^op I. 

+ 317137-3 

+ 797003-0 

Yliegeiikwl . 

+552670-8 

+ 776222-9 

Spilikop II. . 

+321701-3 

+ 881079-2 


Origin 26°, Lq — 26°. 


Bng. foot, 

-201721-4 
-31S646-4 
-454088-1 
-63089G-8 
-844622-5 
-627866-2 
-464304-7 
-G201G0-G 
-623357-7 
-453826-2 
-610758-G 
-400808-8 
-651467-2 
-882312-3 
-609771-2 
-408482-4 
-326620-0 
-126794-4 
-802878-4 
+ 88 C 1-6 
+ 181788-8 
+180G18-0 
+209225-9 
+266806-6 
+296861-1 
+412749-6 
+462298-7 
+661668-1 
+661280-4 
+683866-6 
+628267-4 
+687798-2 
+494610-1 
+663864-0 


Bi-eakfast Ylei 
Hogsback .. 
Bekroipkop.. 
QoDubie 

Windvogel Berg 

Mbulu 

Lebisi 

Gweoveai .. 
Xaka 

Wasohbank Peak 
Beadearg ,, 
HeLydyn .. 
I^thodimonate 
AasTo^l Berg 
Thaba rtitsua 
Mabnla 
Jaimnersberg 
Lemoenfont^ 
Koesberg .. 

Be Pat 
Loksboek .. 
Drie Baden.. 
Famesmith Ilill 
Laiper’s Band 
Platkop 
"Wonderkloof 
Boecbjes Pan 
Oi^ge Biver 
Besteiekop.. 
Elandaberg II. 
Loakop I. .. 
Edkmobd' .. 
Kolakop .. 
Leeuwbei^., 


Hng. foot, 
+2913679-1 
+2702903-2 
+291026G-2 
+2774341 -2 
+2G65211-8 
+2602704-7 
+246666G-2 
+26048G4-6 
+2296510-0 
+2277703-3 
+2227013-0 
+2075688-5 
+2000826-6 
+1926020-‘4 
+1724651-9 
+1570269-4 
+1711816-6 
+1709181-7 
+1910839-4 
+1880102-7 
+1690282-4 
+1840922-8 
+1726018-9 
+1793268-0 
+1674840-0 
+1827770-4 
+1672808-1 
+1699948-4 
+1886296-2 
+1771622-4 
+1686912-2 
+1696728-6 
+ 1644424-8 
+1682277-6 
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Table L— continued. , 

Final Co-obdinatbs ob Stations in Omouirs—coniintted. 


Station. 


Moller Pile.. 
Soholtz Kop 
"V^^’clvedam., 
Kimberley Ilill 
Tarantal kop 
AaBvogel Kop 
Boshof Hill 
Bondefontein 
Kaireelaagte 
Da Plessis Dam 
Welte^xeden 
Bosberg 
Biesie Pan .. 
Sohoongezicht 
Zoetvlea 
Therons Kop 
Braonzijn Kop 
Nooitverwaoht 
Rhenosterkop II. 
Bosdhrand .. 
Doomkop .. 
Yliegenkraal 
lieWberg Slroom 
KafiSr Kop .. 
Rietfontiem.. 
Mjnhardts Bast 
Zwartkrans.. 
Rhebokberg 
Machadie .. 
Kameelpan II. 
Zwartkop 1. 
Boesmanskop 
Uitkyk 
Leenwlaagte 
Boomplaate.. 
WintOThoek 
nontn^ .. 
Bethel Pblla 
Soboonheid • • 
Laugvallei . • 
Never Mind 
Kopje Enkel 
Kameelpan I. 
Smitskraal .. 
Nooitgedacht If. 
Amsterdam 
Klipkuil 
Doomboek 
Morgenzon.. 
Holpau 
Panfontein .. 
Makonws Kop 
Siroppan .. 
Doornbult III. 
Rosalio 
Rielpan 
Doombnlt II. 
Simonsylei . • 
Zwartsimst.. 
Bosobpan .. 
ElaTre^il .. 
Disselboompan 
Drieknil 
Middelbnlt. • 
Leeuwfonteiu 

(14181) 


Co-ordinates. 


K 2 


T 


570650-5 
•f419208-4 
-I-464978-7 
+415840*4 
+852126*1 
+817690*2 
+265761 *2 
+208258*8 
+151491*1 
+170268*8 
+ 65687*1 

- 27244*6 

- 40941*9 
-128625*8 
-116799*8 
-251176*8 
-801846*1 
-195188*6 
-884407*6 
-880699*2 
-442276*6 
-428268*4 
-667822*6 
-688485*4 
-518464*1 
-469868*6 
-646786*4 
-461141*9 
-608960*0 
+834980*0 
+267049*4 
+316258*6 
+238968*2 
+805828=8 
+208894*6 
+260014*8 
+216748*0 
+277700*4 
+289048*6 
+228568*6 
+268042*7 
+295100*7 
+266499*2 
+806884*8 
+277704*8 
+806608*1 
+817841*7 
+248774*6 
+241612*1 
+201868*6 
+187969*7 
+149759*4 
+198726*4 
+187089*6 
+187560*6 
+166584*6 
+116271*6 
+108974*9 
+ 69046*7 
+ 81487*1 
+ 16662*9 
+ 80960*2 

- 18167*7 

- 24400*1 

- 91801*9 


X 


+1406778*8 
+1421801*4 
+1870108*8 
+1862294*9 
+1827566*4 
+1866098*0 
+1292488*1 
+1871870*7 
+1800404*8 
+1201312*4 
+1175469*9 
+1268994*0 
+1169271*9 
+1208868*8 
+1082901*6 
+1206480*4 
+1087267*2 
+ 909280*0 
+ 882859*6 
+ 997810*6 
+ 967789*6 
+ 774678*7 
+ 957778*0 
+ 1184939*8 
+1066645*4 
+1129466*2 
+1281688*6 
+1404288*0 
+1589173*7 
+ 1284328*1 
+ 1271152*8 
+1220748*5 
+1184627*8 
+1180661*6 
+1128087*1 
+1147026*6 
+i076091*6 
+1100166*9 
+1086106*7 
+1029060*8 
+ 984871*8 
+ 966890*8 
+ 968268*8 
+ 917994*4 
+ 906828*2 
+ 906116*0 
+ 828886*2 
+ 864616*7 
+ 772667*7 
+ 817746*0 
+ 804517*8 
+ 761829*5 
+ 694088*1 
+ 715817*6 
+ 709481*8 
+ 667914*1 
+ 660987*8 
+ 701389*6 
+ 684974*8 
+ 688846*7 
+ 660083*8 
+ 680240*1 
+ 639805*8 
+ 641461*2 
+ 613070*6 
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Table L— ooMluded. 

Final Co-ordinates of Stations in Circuits— contimi^. 


Oo-oidinatea 


Statiou. 


T. 


j^cMetfontom 
BhenoBlerberg Hoek 
Doomplaata 
Elerksdorp.. 
Vlaglaagte.. 
Paradijs .. .. 

Boyenlands Plaats.. 
^itzkop U. 
Mandskqp I. 
WitfcopII... 
Paarddcop II. 
Blijvoomitzaolif .. 


Observatory Hill (Jobannesborir) 
Nooitgedaoht I. 

Gable Hill .. 


Boehofsberg 
Pilandsborg 
Tafelkop .. 
Eaalkopl. .. 
Ouvenvaobt 


Vergenoeg,. 
Wi&opl. .. 
Klippan .. 
Maloiras Oog 
Grootfonteiu 
Polfonteb .. 

De Paarl .. 
Welvediend 
Bbuthaal Boomen 
Doombult 1. 
Betiilebem ., 
Makoeiee Pan 


Eng. feet, 

— 74858-2 

+ 

—140826-2 

+ 

—1-14710-2 

+ 

—221078-6 

+ 

-195884-6 

+ 

-288764-6 

+ 

—276172-9 

+ 

-661662-2 

+ 

—668129-9 

+ 

—483213-4 

+ 

—716682-5 

+ 

-466891-3 

+ 

—681136-3 

+ 

—603636-9 

+ 

-714267-9 

+ 

—642383-8 


-852149-8 


,-288616-6 

+ 

—286072-4 

+ 

— 88469-7 

+ 

— 72984-3 

+ 

+ 2845-0 

+ 

— 11617-8 

+ 

+ 49534-8 

+ 

— 10922-0 

+ 

+ 44118-7 

+ 

+ 88100-0 

+ 

+ 11035-4 

+ 

— 66658-6 

+ 

— 81180-6 

+ 

- 28986-8 

+ 

+ 29220-8 

+ 

+ 48100-1 

+ 


I. 


Eng. feet. 
681852*» 
668402-1 
785604-8 
682741-8 
780131-0 
729016-0 
880965-9 
885058-2 
801684-5 
667194-2 
562402-4 
520923-6 
435677-6 
315671-3 
256068-4 
60117-7 
64753-4 
343613-0 
208889-2 
244140-7 
152877-3 
209407-5 
274020-3 
258385-6 
814896-9 
840394-5 
374060-7 
898821-7 
858874-4 
393958-8 
479306-6 
420580-6 
475959-8 


Non-Cihodit Equations. 



Figure ZVs. 

E ... Kopje Enkel. 
E ... Eameelpan I. 
L ... LangvalleL 
8 ... Sohoonbeid. 
N ... Never Mind. 


Figured Angles. 

• < H 

4= 18 16 88-85 
5 = 81 88 48-18 
Fixed 12 = 185 9 88-76 


FguaUons to he satisfied, 

®4 + ®6 +0-08 = 0 
--89-2a!4 +84-8®,— 8-7 — 0 


Resulting Corrections. 

» n 

!B4 = -0-04 ®,= + 0-01 
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Noir-CiitOQiT Equations— eontvmed. 




Figure XVIo. 

S ... Smitskraal. 

N ... Nooitgedaoht II. 
E ... Eopje Enkel. 

K ... Eameelpan L 


K 


Figwral Angles. 


0 

1 

II 

e 

/ 

II 

1 = 28 

27 

67-44 

6 = 61 

29 

4-18 

2 = 67 

10 

12-70 

Fixed 7 = 68 

6 

49-48 

Fixed 8 = 62 

26 

40-72 

Fixed 8 = 81 

66 

9-41 

Fixed 4 = 82 

11 

44-08 

Mxed 1 + 2 = 86 

38 

10-22 

6 = 28 

12 

22-72 

Fixed 6 + 6 = 79 

41 

26-87 



Equations to he satisfied. 
flSj + + O'01 — 0 

Xf + Xg — 0'02 = 0 

a. + — 0'07 = 0 

-88'8»i +lO-Tfl-j-l'i =0 


Resulting Corrections. 

II II 


a!, = -0'04 a'j=+0'04 

fflj,= +0'03 a:,= -0'02 



Figure XVIla. 

E ... Elipkuil. 

U ... Doornhoek. 

A ... Amsterdam. 

N ... Nooitgedaoht II. 


Figural Angles. 


, o 

1 

II 

O 

1 

II 

1 = 68 

0 

67-10 

6= 62 

31 

16-90 

2 = 87 

24 

11-61 

Fixed 7 = 86 

22 

18-97 

Fixed 8 = 60 

29 

28-70 

Fixed 8= 19 

6 

28-22 

Fixed 4 = 61 

61 

11-82 

Fixed 1 + 2 = 100 

26 

8-60 

6 = 20 

16 

18-69 

Fixed 6 + 6 = 82 

46 

80-68 


Efjuations to he satisfi^, 

i»i + Xg + O'Ol = 0 

<®6 ■+■ ®a — = 0 

+ X. — 0'07 = 0 

ll'Oxj-10'7a!i +0-7 =0 


Resulting Corrections. 

11 II 

O'Ol Bj s 4“ O'09 

Xg — — 0'02 a, =s — 0'06 

E8 


(14181) 
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Non-Oirouit Equations— oorUinued . 



Fignre ZVIlla. 

P ... Mokoeiea Pan. 
0 ... Doornbult L 
M ... Middalbnlt. 

D ... Uisaolboomp^, 

Figwrod Angles, 

O I tl 

1 =26 23 54-38 

2 = 87 65 5-35 

Fixed 3 = 88 84 25-84 
Fixed 4 = 39 21 49-32 

5 = 64 8 40-51 

6 = 28 68 0-02 

Fixed 7 = 47 81 31-10 
Fixed 8 = 77 6 35-98 

Fixed I+ 2 = 64 18 59-70 
Fixed 5 + 6 = 98 6 40-64 


Egyations to he satisfied. 

+ 0-03 = 0 

B« + ®e -0-11 = 0 

S + ®o + 0-66 = 0 

, , -2a», - 88-0 ®b + 2-6 =0 




Resulting Corrections. 

" !• 
— 0-81 0 : 5 =+ 0-46 

+ 0-28 ®c “ — 0-35 



w 


Flgnra XlZa. 

P... Do Paarl. 

W... Welvediend. 

3... Sjpberpon. 

D ,.. Doornbult 1. 

H ... HoutLoal Boomon. 


Figxvral Angles. 


2 = 60 26 27-28 
8 = 69 26 12-68 
4 = 82 28 0-07 

6 = 67 46 89-44 


Fixed 9= 86 22 5-00 

Fixodl0 = 134 43 11-32 
11= 79 46 21-50 
12= 00 8 21-58 


Equations to he saidsfit 

‘^ + 8% —®u 

— 11-9«!j + 12-4ii^ — 8^-1®4 +^ 


-0-08 



+ 60-8 = 0 


®8 


Residting Corrections. 

ti 


+ 0-89 
- 0-68 
+ 0-98 



0-71 

0-27 
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TERTIOAL HEIGHTS. 

17. The differences of height were computed by the formula Formula. 

h' — h=i 8. tan i (a — »') 

where 

5 = the length of the line in feet 
a, of = the angles of elevation of each point from the other. 

18. As in previous surveys in South Africa, weights were assigned to the Method of 
observations in inverse proportion to the length of the lines. The heights adjustment, 
were adjusted in blocks or sets as shown in the Diagi'am for Solution of 
Vertical Heights, Diagram No. 8. The heights of aU stations in the Survey of 

Cape Colony and Natal have been taken as freed by the original solution 
JG.S. Report, VoL I, pp, 191-216). These are, therefore, the data for height 
in the present solution. 

At the end of this paragraph are given:— 

1. The coefficients of refraction and the mean coefficient for each chain 

Quantities in brackets are omitted in the mean (Table M). 

2. The formation of the Equations of Condition. 

8. The corrections to the observed differences of height (Table N). 

Table M. 


CoHmorONTS of JEtEFUAOXION DBTBRMINBD FROM MUTUAL VbBTIOAL 

Anoles. 


Numbers of 

Stations.' 

Coefficients 

of 

EefiractioD. 

Distance 

in 

mes. 

® DiS 

11 

3 cn 
'A 

Goeffidents 

of 

Refraction. 

Distance 

in 

Miles. 

"S -y 

ll 

1 1 
1 1 

Distance 

in 

Miles. 

Nb'woastlh to Belfast, 

NeVTOASTLE to BELFAST,-(oOni.) 

Belfast to OTTOsnoor. 

67-69 

•069 

30-8 

69-71 

•057 

66-1 

80-82 

•066 

86*2 

60-67 

•059 

88-6 

70-71 

•069 

48-7 

82-81 

•066 

61-6 

69 - 60 

•003 

80-9 

72-71 

•064 

. 34-6 

82-83 

•066 

66-9 

69 - 61 

•062 

26-6 

72-73 

•084 

12-0 

81-88 

•064 

69-9 

60-61 

•069 

27-7 

71-73 

•007 

80-8 

81-84 

•066 

49-0 

61-62 

•064 

26-9 

78-76 

•074 

14-4 

84-88 

•061 

67-0 

60 - 62 

•064 

20-8 

71-76 

•067 

20-4 

88-86 

•069 

88-8 

62-69 

•062 

48-6 

71 — 74 

•068 

26-2 

84-85 

•061 

60^6 

61-68 

•062 

18-6 

71-76 

•070 

17-6 

84-86 

•066 

41-4 

62-68 

•066 

29-8 

76-76 

•064 

12-6 

86-86 

•069 

69-6 

61-64 

*069 

32-2 

76-74 

(•097) 

(12-9) 

86-87 

•066 

42-1 

63-64 

•061 

23-9 

76-74 

(•096) 

( 7-7) 

86 — 87 

•062 

66-6 

62 - 65 

•064 

82*6 

73-74 

•073 

17-9 

86-88 

•067 

60-5 

68 - 66 

•059 

24-7 

76-78 

•073 

9-6 

87-88 

•061 

67-0 

68-66 

•070 

34-6 

75-77 

•083 

6-4 

88-89 

•060 

26-6 

66-66 

•062 

24-8 

78-76 

•078 

8-8 

87-89 

•064 

86-1 

68-64 

•061 

28*9 

78-77 

•068 

11-8 

87-91 

•068 

66*4 

66-64 

•051 

32-8 

76-77 

•078 

9-7 

89-91 

•068 

82-7 

64-67 

•067 

40-1 

74-79 

•068 

26-2 

89-90 

•067 

29-7 

66-67 

•071 

11-7 

75-79 

•OGl 

18-0 

88 — 90 

•068 

84-9 

67 - 09 

•065 

20-9 

78-79 

•077 

18-9 

91-90 

•069 

17-6 

66 - 69 

•066 

28-0 

71—79 

•060 

28*8 

91 — 92 

•068 

26-8 

66 - 68 

•071 

34-2 

71-80 

•064 

28-6 

91-98 

•066 

18-0 

66 - 68 

•060 

87-4 

79-80 

•066 

28-7 

90-98 

•074 

17-6 

68 - 69 

•079 

18*4 

79-81 

•066 

60-9 

98-92 

•071 

12-6 

68-70 

•068 

86-9 

78-81 

•069 

61-6 

90 - 92 

•067 

14^7 

69-70 

•062 

41-6 

80 - 81 

•066 

62-9 

92 — 96 

(•028) 

.(4-9) 

67-72 

•064 

86-9 




92-94 

•070 

10-7 

69-72 

•065 

80-4 




98-94 

•061 

7-0 




Mean 

•068 

27-6 

98-96 

•078 

16-1 







94-95 

(•128) 

(10-8) 







Mean 

•066 

87-9 

(14181) 

1 



k:4 
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Table M— eontinueA. 

CoBEBTOTENTfl OF EBPrUOTION DJBTBEMINBD FROM MUTtJAL VERTICAL 

Angles— continwd. 


*0 . 
la S 

1 1 

1 1 

8 . 

a ^ 

'o ^ 

^ ‘1 

1 1 
■J’Sl 

hi 

•s . 

II 

9 d 
H S 

*0 S 

i <4 

a s 



i ^ 


00 4 

1 4 


1 ^ 

§ W 

O Q 

(S (^ 

p 


1 & 

5 


s § 

Pektouxa. to Khoonstad. 

Belfast to Ottortioop. {conL) i 

Wepenkr to (Jala. 

(oonf,) 

84-90 

•061 

34-4 

119-120 1 

•060 

25-6 

138 - 141 

•062 

22-6 

86-90 

•0(54 

40-6 


•062 

11-2 

189 - 125 

•064 

49-1 

8(5-07 

•061 

40-0 

119 - 124 

•059 

25-0 

130 - 142 

•0(50 

48-4 

97 - 9(5 

' 055 

45-7 

121 - 120 

•063 

18-5 

ISO - 141 

•0.58 

:50-() 

97 - 98 

•058 

49-9 

121 - 122 

•060 

20-0 

141 - 142 

•0(50 

34-4 

97 - 00 

•054 

26 -n 

121 - 123 

•0(50 

i:5'8 

142 — 125 

•063 

40-7 

90 - 98 

•058 

21 *9 

121 - 121 

•068 

14-0 

142 - 126 

•0(57 

58-8 

08 -100 

•058 

46-6 

124 -120 

•058 

20-0 




98 - 99 

•060 

47-5 

124 - 122 

•055 

10*2 

Mean 

•0(5(5 

30 • 2 

100 _ 102 

•057 

16-8 

124 - 123 


5-8 




100 _ 101 

•059 

44-8 

120 - 1215 

■057 

14*5 




100 _ 00 

•060 

43*0 

120 - 122 

•056 

:5-2 




90 - 101 

•059 

25-0 

122 - 123 

•078 

13-5 

Kroonhtap to Kjmrbrt.ey, 

101 -102 

•0(50 

48-0 

127 - 117 

•057 

67-1 




101 _ 10J5 

•058 

44-1 

127 - 118 

•060 

G5-0 

105 -176 

•070 

36*2 

101 _ 104 

•056 

31-9 

126 -120 

•0(58 

37*7 

176 -107 

•075 

:5i«(5 

101 _ m 

•059 

21-7 

125 - 124 

•066 

45-6 

176 -176 

•078 

27*7 

105 _ 104 

•064 

lH-() 

125 - 1215 

•OOG 

51-4 

107 -174 

•069 

33-5 

105 —109 

•045 

13-9 

126 - 120 

•065 

39-1 

107 -175 

•072 

35-1 

105 _ 10(1 

•057 

■ 2i-9 

326 - 124 

•067 

;}()-5 

175 - 174 

•0(5(5 

41-6 

105 _ 107 

•058 

:53-2 

126 - 127 

•078 

()•() 

175 -173 

•065 

:5:5-:5 

105 - 108 

•059 

15-0 

127 - 120 

•0(5:5 

40-8 

175 -172 

•070 

29-6 

100 _ 10(5 

(•036) 

(8-(i) 

127 - 124 

•06:5 

21-1 

174 -173 

•009 

2:5-2 

100 _ 107 

•058 

23 • 6 

124 -120 

•065 

20-0 

174 -172 

•066 

40-4 

100 - lOH 

•041 

12* 3 




173 -172 

•072 

18-2 

109 -104 

•051 

8*0 

Mc^an 

•061 

31)'4 

173 —170 

•067 

21*9 

108 _ 104 

•0G2 

21-1 




172 -170 

•0(57 

18^1 

108 _ 100 

•044 

14-1 




172 -171 

•073 

20-2 

108 _ 107 

•049 

19'0 




170 -168 

•0(58 

34-5 

106 _ 107 

•056 

16-7 

Wepbotr to Oala. 

170-171 

•065 

2.1-3 

106 -104 

•07:5 

13-9 




171 -108 

•0(5(5 

28-7 

106 -110 

•061 

29-2 

127 -128 

•064 

43-8 

171 -160 

•084 

20-4 

104 - 103 

•056 

23-7 

127 -120 


31-1 

168 - 164 

•0(58 

17-3 

104 _ 110 

•050 

25-2 

128 - 130 

■[rX 

44-7 

168 - 165 

•071 

21-7 

108-102 

•056 

2M 

128 _ 129 


31-0 

168 -169 

•071 

19-1 

103 - 111 

•058 

22-7 

128 - 118 

•054 

53-5 

160 -166 

•062 

25-0 

103-112 

•057 

36-2 

129 -130 


50*4 

165 —164 

•064 

lR-6 

103 - IJO 

•065 

22-6 

129 -131 

'055 

30-6 

165 - 1(52 

•065 

15-6 

102 - 111 

•050 

17-3 

131 - 131) 

•056 

32-9 

1(55 - 152 

•065 

17-7 

111 - 112 

•059 

32-7 

131- 10 

•0(52 

32 -1) 

1G4 -163 

•067 

21-2 

112 - no 

•063 

26^2 

131 - 8 


36-H 

104 -162 

•000 

20-9 

Mean 



130- 10 


18^0 

162 -152 

•062 

8-5 

■•057 

28-0 

10- 8 


44-2 

• 162 -163 

•067 

17-7 







162 -140 

•064 

22-9 




Mean 


37-8 

152 —149 
163 -149 

•064 

•005 

21-8 

24-5 

Kroonbtad to WEPnanMu 





li2 -114 






Mean. 

•0C8 

24-7 

•066 

27-8 

1 HoPETCJyK TO Wepbotbr. 


112 - 118 

•005 

82-1 







no -113 

•066 

15-1 

134 -185 

•072 

86 -8 




118 -114 

•059 

44-8 

184 - 136 

•074 

19-6 

Newcastle to Kroonstad. 

113 -115 

•066 

62-1 

134 -133 

•068 

26*8 




114 -115 

•058 

42-1 

188 - 136 

•070 

26-3 

67- 58 

•0C8 

23-1 

114 -116 

•057 

68-8 

135 - 136 

•060 

30-8 

69- 68 

•0G2 

2:V8 

118 -116 

•060 

44*2 

136 -137 

•068 

80-5 

59 -182 

•058 

25-1 

116 -117 

•057 

84-9 

186 - 140 

•070 

80-4 

58 -181 

•065 

22-3 

116 -117 

•064 

88-0 

186 -187 

•071 

29-f) 

68 -182 

•068 

31-1 

116 - 119 

•061 

41-2 

187 - 139 

•066 

81-2 

182 -180 

•062 

24-6 

116 -118 

•066 

26-7 

187 - 188 

•066 

19^0 

182 - 181 

•058 

20-9 

118 - 117 

•060 

47-8 

187 - 140 

•067 

28-6 

181 -179 

•058 

28-8 

118 - 119 

•063 

29-6 

140 - 188 

•068 

16-7 

181 - 180 

•067 

21-2 

119 - 117 

•059 

88-6 

140 - 141 

•078 

16-9 

180 - 179 

•060 

24-3 

117 -120 

•068 

1 29-0 

188 -139 

.066 

16-1 

180-178 

•068 

29-7 
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Table M— concluded. 


OOBFFICmKTS Of EbFBAOTION DBTEBMltrBiD fAOM MUTUAL VBBTiaAL 

Angles —contimied. 



179 -177 
179 -178 
178 -177 
178 - 111 
177 - 111 
177 -112 

Mean . . 

Eiubeblst 

162 -167 
162 -166 
162 -166 
167 -184 
167 -188 
167 -166 
167 -166 
166 -166 
166 -188 
183 - 184 

183 -186 

184 -186 

186 -187 
186 -186 

184 -185 

185 -187 
185 -188 

187 -190 
187 -189 

187 -188 
190 -191 

190 -189 
189 -191 

188 -189 

189 -192 
192 -191 
192 -198 

192 -196 

191 -194 
191 -198 

193 -194 

193 -196 
196 -194 
196 -196 
196 - 197 

194 - 196 
194 - 197 
196 -198 

196 -197 
198 -199 
198 - 200 
198 -197 

197 -199 
197 - 200 
201 - 200 
201 - 202 
201 - 208 
208 - 202 
208 - 204 


ROOKSTAD.(00n^.' 

•060 

38-1 

•060 

31-8 

•059 

87-7 

•062 

28-6 

•059 

46-6 

•068 

32-9 

•060 

28^6 

po Ottoshoop. 

•069 

8-8 

•060 

7-2 

•066 

8-4 

•059 

12-6 

•062 

18-1 

•066 

18-2 

•062 

6-1 

•068 

10-6 

•088 

4-1 

•050 

18-4 

•069 

17-8 

•070 

7-9 

•058 

10-8 

•062 

12-7 

■ -060 

16-2 

•070 

8-2 

•061 

12-1 

•068 

9-6 

•066 

16-9 

•069 

10-3 

(•098) 

(12-3) 

•082 

12-6 

•084 

16-6 

•068 

10-2 

•045 

9-0 

•084 

11-6 

•059 

11-3 

•059 

15-2 

•061 

18-2 

•046 

10-6 

•052 

C-1 

(•086) 

(6-0) 

•056 

5’7 

•067 

IQ’7 

•058 

10-1 

•046 

9-5 

•042 

11-9 

•066 

2-4 

•068 

5-8 

•066 

14-6 

(•101) 

(18-4) 

•066 

6-6 

•064 

16-8 

(•122) 

(9-6) 

•050 

12-6 

•068 

11-4 

(•014) 

(8-6) 

•060 

11-8 

•049 

12-4 


EjvBBRi:.Kr TO Orrosnoop 
(oont.). 


202 - 200 
202 -199 
202 - 206 
202 - 204 
199 - 200 
204 - 205 
206 - 204 
206 - 205 
206 - 207 
206 - 208 

206 - 207 

207 - 208 
207 - 209 

207 — 210 

208 - 209 

209 - 210 
209 - 212 

209 - 211 

210 - 211 
211 - 212 
211 — 218 
212 — 218 

212 - 214 

213 - 214 

213 - 216 
216 - 216 

214 - 216 
214 - 217 
214 - 218 
214 - 216 

216 - 217 
216 - 218 

217 - 218 

217 - 219 

218 — 219 
218 - 220 
218 - 221 
218 - 222 
222 - 221 
222 — 228 
221 - 220 
221 - 223 
228 - 220 
228 - 224 
220 — 219 
220 - 225 
220 — 224 

225 — 226 

226 - 224 
226 — 227 
226 — 92 

226 - 224 
224 — 227 

227 — 98 
224 - 02 

92 - 227 
92- 93 

Mean . . 


Figures given in'braclcets 


I -082 
•067 
•082 
•071 
•088 
•050 
•042 
(•026i 
(• 102 ) 
•069 
•046 
•068 
•070 

■071 

•086 

•046 

(•028) 

•069 

•046 

(•086) 

■049 

(• 021 ) 

•041 

•040 

•052 

•044 

•062 

•070 

(•030) 

•041 

(•086) 

(•088) 

(• 012 ) 

(• 022 ) 

•066 

•067 

•066 

•066 

•060 

(•004) 

•045 

•048 

•065 

(•100) 

•085 

•064 

•068 

(•037) 

•041 

•048 

(•086) 

•047 

•060 

•062 

•067 

•088 


17-6 

17-9 

17-4 

17- 8 

14- 6 
13-7 

7-1 

(11-s) 
(1-2) 
7-2 
11-0 
0-0 
11-8 
6-6 
10-1 
9-7 
7-0 

9-1 
(11 •O) 

13- 0 
(14-6) 

15- 4 
" 6-0 

lH-7 

14- 0 
■20-0 

21-8 

( 12 - 8 ) 

18- 6 
( 11 - 8 ) 
(18-7) 
(ll-l) 
(16-0) 

17-6 

16- 2 
16-4 

16- 4 

17- 6 
(8-0) 

9-5 

10-2 

13-4 

(6-1) 

6- 4 
16-6 

6-6 

(14-6) 

16-6 

16-4 

( 11 - 6 ) 

16-7 

12-8 

7- 7 
12-0 
12-6 



Tib Ohaim Timonan 
Elbsksdobt to EnoovsTAn. 


•060 12-1 


I Mean . 
are not included in the Mean. 


Mean . , . •064 17^2 

Lnipopo TO Bblcast. 

60 - 251 -066 33-0 

50 - 248 -OliO 65-7 

60 - 247 - 065 67-3 

60 - 249 -006 46 • 4 

61 - 248 -001 66-0 

49 — 248 • 064 49 • 9 

49 - 247 - 065 28-8 

47 - 248 * 064 28-2 

47 - 243 - 057 36-0 

47 - 242 - 067 48^9 

48 - 241 -068 02-7 

48 - 243 • 068 82-8 

48 - 246 •072 6-7 

48 - 246 •OOO 26-6 

48 — 242 •064 29-0 

48 - 244 - 064 7-6 

48 — 241 -062 44^6 

44-246 -048 10-6 

44 -246 •OeO 27 • 6 

44 — 242 •058 26^0 

46 - 246 - 052 21-1 

16 -242 •068 26-6 

46 — 242 ^058 16 •! 

42 - 241 -060 69-8 

42 - 240 - 066 30 • 9 

40 — 241 -069 61-6 

40 — 289 - 068 46-0 

40 - 287 - 059 63-4 

41 - 289 (-117) (18-9) 

89 — 288 - 062 64-8 

89 - 287 -066 60^4 

88 — 286 •OOS 44^1 

88 — 287 •OeO 48-6 

87— 286 •067 46-1 

87 - 71 -066 42-8 

86 - 70 •OOS 45-0 

86 - 71 -056 39-1 

Mean . . . •060 88^6 
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Fobmation of .Equations of Condition. 




FxCtUBB BSTWHBN BHBNOSTlIiB EOP L AND BbUTABT.— A. 


86 

74-76 

+ 6*8 

2*6 

87 

76-76 

- 271*9 

4*2 

82 

75-71 

-1]09*6 

6*8 

37 

76-76 

-271*9 

4*2 

89 

76-71 

- 836*7 

6*8 

36 

74-76 

+ 6*3 

2*6 

86 

74-76 

-271.7 

4*8 

82 

75-71 

-1109*6 

6*8 

38 

74-71 

-1109*0 

8*7 


85+87—36+6’l=0 87+39—32+1*00=0 32+ 85- 88 + 4*7=0 


81 78—71 —1G95*0 10*8 88 76—78 + 576*2 4*8 86 74 —76 + 5*3 2*0 

84 74-78 + 678*0 0*0 36 74-76 + 5*3 2*0 40 79—74 -844*6 8*4 

8B 74—71 —1109*0 8*7 34 74—73 + 673*0 6*0 41 79—76 —347*2 6*0 

81+31—88—13*6 =0 83 +86—84+7*6 =0 36 +40-41+7*9=0 


88 

96-78 

+676*2 

4*8 

31 

73-71 

-1695*6 

10*3 

43 

79-71 

-1468*0 

7*8 

41 

79-76 

-847*2 

0*0 

42 

79-73 

+ 229*2 

4*6 

45 

80-79 

+ 222*4 

9*6 

42 

79-78 

+229*2 

4*6 

48 

79-71 

-1468*0 

7*8 

44 

80-71 

-1235*9 

9*6 


88+41—42—1*2=0 81+42—48—8«4=0 48+45—44+0*3=0 


46 80-79 +222*4 9*6 f 42 79-78 +229*2 4*6 

48 81-80 -699*2 21*8 46 81-79 -468*8 17*Q 

46 81—79 -468*8 17*0 47 81—73 —226*9 17*2 

46 +48-46-18*1=0 42+46-47-8*7=0 


BRLTAST BaSB QDADRTIA.TKBAI.—^B. 


1 

78-76 

+261*7 

3*2 

2 

76-78 

+ 7*8 

2*9 

1 

78-76 

+261*7 

8*2 

6 

77-78 

-213*8 

3*9 

3 

77-70 

-222*9 

3*2 

2 

70-78 

+ 7*8 

2*9 

4 

77-76 

+ 49*0 

2*1 

6 

77-78 

-213*8 

3*9 

6 

76-70 

—273*8 

FIxod 


l+6-4_l.l=0 2+8-6-l*3=0 l+2-4*3=0 


EiGDBB BKrWBBN VlCKLOBRN YliBI AND IIlAMIIIL’BBI BiKO.—0. 

22 1 69—67 1 + 62*0 1 7*0 11 24 I *72-69 — 177*6 10*1 26 70—69 + 67*7 13*9 

24 72—69 -177*6 10*1 I 29 71—72 +1672*6 11*6 28 71—70 +1323*6 16*2 

28 1 72—67 1 —118*1 ll2*8 f 26 \ 71-69 +1892*0 18*4 26 71—69 +1392*0 18*4 

22+24-28+2*6=0 24+29-25+3*0=0 26+28-26-0*8=0 

21 69—68 +212*9 6*1 I 19 68-66 -156*6 11*4 17 67—66 — 7*5 8*9 

26 70—69 + 67*7 18*9 21 69-08 + 212*9 6*1 22 69—07 + 62*0 7*0 

27 70-68 + 271*9 12*8 | 18 69-66 + 44*0 9*3 18 69-60 +44*0 9*3 

21+26-27+8*7=0 19 +22-18+18*8=0 17 +22-18+10*6=0 

16 64-66 -146*2 10*9 18 66-68 -286*2 11*6 12 66—08 -296*4 8*2 

16 67-64 +112*8 13*4 10 63-64 + 898*0 8*0 18 06-03 -286*2 11*6 

17 67-66 - 7*6 8*9 15 64-66 -146*2 10*9 14 66—66 + 17*1 8*8 

16+16-17-24*9=0 18+10+16-88*4=0 12-18+14+7*9=0 

19 68-06 -166*6 111*4 11 7 68-61 -860*6 4*6 4 61—62 - 779*8 8*6 

14’ 66-66 + 17*1 8*8 1 9 61-64 +767*7 10*7 7 68—61 - 300*0 4*6 

20 68-66 -188*8 [12*6 1 10 | 68-64 + 898*0 8*0 | 8 63-02 -1189*8 9*9 

19+14-20-4*7=0 7+9-10-0*9=0 4+7—8-0*6=0 

8 68-62 -1189*8 9*9 

11 66-62 -1486*4 10*8 

12 66-68 - 296*4 8*2 [ 

8 - 11 + 12 + 1 * 2=0 


Fiotibb bbtwxbn TTT.AMTMPUHf Bbbg and Balt Lakb.— 


1 

60-69 

+ 666*1 

10*8 

1 

60-69 

+666*1 

10*8 n 

8 

61-60 

-814*0 

9*2 

0 

60-67 

+2861-4 

11*2 

2 

61-69 

-162*1 

8*6 

4 

62—61 

+780*7 

Fixed 

a 

. 69-67 

+2192*8 

Fixed 

8 

61-60 

-814*0 

9*2 

6 

62-60 

- 86*4 

6*9 


—0—4*0=0 l-2+3+8*2=0 8—6+8*l=0 


2 


-69 

-162*1 

8*6 ( 

4. 

62- 

-61 

+780*7 

Fixed 

6 

69- 

-62 

-608*8 

14*6 


2+6+9*8=0 
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Foemation of Equations op Condition— oontm'Md. 


Na 

Stations. 

mmm 

1 

W' 

No. 

Stations. 

Difference 
of Height. 

1 

W 

No. 

Stations. 

Difference 
of Height. 

1 

W 



FiGUBB between OtXOSHOOP and PiLANDSBBttG.- 

-B. 



62 

88-87 

+ 166*6 

10-0 

64 

89-87 

-635*3 

11*7 

60 

91-89 

+ 28*9 

10*8 

68 

89—88 

-779*6 

8*6 

66 

91-87 

-698*6 

18*4 

67 

90-89 

+216*6 

9-9 

64 

89-87 

-686*8 

11*7 

66 

91-89 

+ 28*9 

10*8 

69 

90-91 

+187*0 

6*8 


62+63-64+11*2=0 



64+66—6 

6-7*8=0 



06+69—6 

7+l*0=0 


63 

89-88 

-779*6 

8*6 

72 

98-90 

-287*1 

6*9 

69 

90-91 

+187*6 

6*8 

67 

90-89 

+215*6 

9‘9 

73 

92-93 

+108*0 

4*2 

71 

98-91 

— 99*6 

6*0 

68 

90-88 

-671*1 

11*6 

74 

92-90 

-120*9 

4*9 

72 

93-90 

—287*1 

6*0 


68+67-68+7*0=0 



72+78-74+1*8= 



09+72-71+0*1=0 


69 

90-91 

+187*6 

6*8 

78 

92-93 

+168*0 

4*2 

I 77 

94-98 

-181*6 

2*8 

70 

92-91 

+ 69*4 

8*6 

76 

96-92 

-260*7 

1*6 

78 

96-98 

— 83*8 

6*0 

74 

92-90 

-120*9 

4*9 

7H' 

96-98 

- 83*8 

6*0 

79 

96-94 

+ 88*7 

3*6 


78 

77 

76 


20 

84 

85 


69+74-70-2*7=0 

92-98 +168*0 

94-98 -181*6 

04—92 -296*9 

73+76-77+2*6=0 


78+76-78+l*l=0 


77+70-78-9*0=0 


4*2 

2*8 

8*6 


Eboombtad Bash Fratnts.—F. 


16+17-16+6*2=0 


18+20-16+8*8=0 


22+26-21+4*1=0 


22+24-23+1*6=0 


23+27-28-2*4=0 


30+32-26-1*8=0 


30-24-42 +0*1=0 


81+42-27-0*4=0 


80+81-41+0*1=0 


82+42-26 +4*1=0 


29+82-21+1*7=0 


108-104 

+622*6 

7*9 

82 

104-106 

+ 89*6 

4*6 

17 

102-108 

+216*8 

110-104 

+897*0 

8*4 

33 

110-106 

+600*7 

9*7 

89 

109-108 

+419*6 

110-108 

-129*8 

7*5 

34 

110-104 

+897*6 

8*4 

40 

109-102 ' 

+201*1 


20+86—84—4*8=0 


82 +84-88-18*6=0 


17+40-89-2*1=0 


li 

102-101 

+641*6 

16*0 

18 

104-101 

-182*4 

11*6 

18 

104-101 

-182*4 

16 

108-101 

+881*4 

14*7 

16 

108-101 

+881*4 

14*7 

19 

106-101 

—109*8 

17 

102—108 

+216*8 

7*0 

20 

108-104 

+622*6 

7*9 

21 

104-106 

— 90*8 


19+21-18-17*2=0 


21 

104-106 

- 90*8 

6*0 

22 1 

109-105 

-288*4 

4*6 

28 1 

1 108-105 

-289*9 

22 

109-106 

-238*4 

4*6 

23 

108-106 

-239*9 

6*0 

27 

107-108 

+123*6 

26 

104-109 

+162*2 

3*0 

24 

108-109 

0*0 

4*1 

28 

107-106 

-114*0 


26 

104-109 

+ 152-2 

3-0 

24 

108-109 

0*0 

4*1 

27 

107-108 

+128*6 

80 

106-109 

+ CO-9 

2-9 

30 

106-109 

+60*9 

2*9 

81 

107-106 

+ 62 * 3 

82 

104-106 

+ 89-5 

4-6 

42 

100-108 

+00*8j 

4*7 

42 

106-108 

+ 60*8 


106-109 

+ 60*9 

2*9 

25 

104-108 

+146*2 

7*0 

29 

106-106 

-178*1 

107-106 

+ 62*8 

6*6 

32 

104-106 

+ 89*5 

4*6 

21 

104-106 

— 90*8 

107—109 

+128*1 

7*9 

42 

106-108 

+ 60*8 

4*7 

82 

104-106 

+ 89*6 


11*6 

7*2 

6*0 


6*0 

6*3 

11*1 


6*8 

6*6 

4*7 


7*8 

6*0 

4*6 


7*0 

7*6 

6*7 


87 

112-108 

+606*li 

12*1 

85 

110-103 

-129*8 

7*6 

88 

112-109 

+196*9 

10*9 

86 

112-110 

+788*7 

8*7 

89 

109-103 

+419*6; 

7*6 

37 

112-108 

+ 606*1 

12*1 


88 + 89-87+10*8=0 


36 +86-87 + 2*8=0 


Figtibb bidtwjibn PqiAmdbbbbo, Bhbhobxbbeop 1. abb Bpitzkop IT.— Q. 


49+60+0*6=0 


60+62-61-11*2=0 


48 

81-80 

- 688*7 

Fixed 

60 

81-82 

+1790*8 

17*2 

62 

88-81 

-594*9 

49 

82-80 

-2478*5 

11-7 

51 

88-82 

+1206*6 

22*8 

68 

84-81 

—694*4 

60 

81-82 

+1790*8 

17-2 

62 

88-81 

- 694*9 

23*8 

64 

83-84 

+ 86*4 


68 +64-52-14*1=0 


64 

88-84 

+ 86*4 

19*0 

56 

86-84 

+ 627*9 

22*2 

68 

86-86 

+716*6 

66 

86-88 

+439*0 

11*1 

67 

86-84 

+1228*7 

18*8 

69 

87-86 

+162*4 

66 

86-84 

+627*9 

22*2 

68 

86-86 

+ 716*6 

23*2 

60 

87-86 

-666*1 


64+66-6( 

1 

CO 

II 

o 

■ 


66+68-67+14*8=0 



68+60-69+7*1=0 


128*8 

ll6*8 

19*0 


2 

|14*0 

18*6 
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Fobsution op Equations op Condition— c(yniinued. 


No. 


Stations* 

Difference 
of Height 

1 

w 

No* 


Stations. 


Differeiioe 

1 

No. 

of Height. 

w 


Stations. 


Difference 
of Height. 


1 

W 


Fisobx BBiwiUBN FiUNDBBBse, Bhbnobtebkop I, AND SpiTZKOF II.—G — oonUnutd, 


60 

87-86 

-536*1 

18-5 

67 

86-84 

+ 1228*7 

13-8 

4 

97-80 

-319-5 

61 

88-86 

-406-2 

16-8 

1 3 

90-86 

- 148-4 

13-6 

5 

96-97 

+ 178*7 

62 

88-87 

+162-6 

Fixed 

. 2 

90-84 

+1078-9 

11*6 

3 

90-80 

-143-4 


60-61,+1-6=0 57+3-2+6*4=0 4+5_3_2*4=() 


5 

96-97 

+173-7 

15-2 

7 

98-97 

+ 397*9 

16-0 

10 

100 - 98 

-776*7 

6 

98-96 

+217-0 

8-3 

9 

99-98 

-610*8 

16-8 

11 

99-100 

+100-0 

7 

98-97 

+897-9 

16-6 

8 

99-97 

-221*8 

8-8 

9 

99- 98 

-010-8 


6+6-7-7-2=0 



7+9-8+8-9=0 



10+11—9—4-9=0 

11 

99-100 

+160-0 

14-8 

13 

101-100 

-339-3 

14-9 




12 

101- 99 

-497-7 

8-3 

14 

102-100 

+209-5 

6-3 




18 

101-100 

-339-8 

14-9 

16 

102-101 

+547-1 

Fixed 





11+12-18+1-6=0 18-14-1-7=0 


Fiausn dbtwxbn InewnliO and Kavfib Eor.—II. 


5 

69-58 

+126-6 

Fixedll 

8 

182-68 

+189-6 

10-4 

6 

182-69 

+ 68-7 

8-4 1 


1 

oo 

1 

CO 

=0 


12 

181-180 

t +1281-6 

7-1 (( 

11 

181-179 

+1699-1 

7-8 

18 

180-179 

, + 818*8 

8-1 1 


12+18-11+1-3=0 


17 

177- 

-178 

+702*9 

12*6 

19 

177- 

-111 

+741-9 

16*5 

18 

178- 

-111 

+ 39-9 

9-6 


17+18-19+0-9=0 


8 

182- .58 

+189-6 

10-4 

7 

181- 58. 

+982-6 

7-4 

10 

181-182 

+794-0 

7-0 


8+10-7+1-1=0 


18 

180-179 

+ 318-8 

8-1 

14 

180-178 

+662-6 

9-9 

10 

179-178 

+244-4 

10-0 


13+16-14+0-6=0 


20 

177-112 

+640-3 

11-0 

19 

177-111 

+741*9 

16-5 

21 

112-111 

+194-0 

Fixed 


20-19-1- 

0=0 



9 

182-180 

+ 488-6 

8-2 

12 

181-180 

+ 1281*6 

7-1 

10 

181-182 

+ 794-0 

7-0 


9+10-12+0*9=0 


16 

177-179 

+460-2 

12-7 

17 

177-178 

+702*9 

12*0 

16 

179-178 

+244-4 

10-0 


15+16-l-/+l-7=0 


(i 

182- 69 

+ 68-7 

8-4 

9 

182-180 

+488*6 

8-2 

14 

180-178 

+662-6 

9*9 

18 

178-111 

+ 39*9 

9*6 


-0+9+14+18+9-1=0 


16 

22 

17 


28 

27 

24 


18 

19 

26 


WxpBNXB Babe Fiodbe—^I. 


120-119 

-1896-8 

8-6 

18 

120-124 

- 181-2 

0-7 

22 

124-119 

22+17-11 

-1716-6 
5-2-0=0 

8-8 

21 

122-124 

-1072-8 

[ 6-4 

26 

128—122 

+ 446-8 

4-6 

26 

128-124 

- 621-6 

1-9 

27 


28+27-24-6-1=0 


120-121 

-1288-6 

6*2 

16 

122-121 

-2126-0 

6*6 

16 

122-120 

4 A • AA ^ , 

891-3 

1*1 

18 


18+26-19+0*1=0 


120-121 

-1233*0 

6-2 

26 

120-124 

- 181-2 

6-7 

22 

124-121 

-1061-9 

4-0 

28 

22+21-18+0-6=0 



122-120 

-891-3 

1-1 

18 

123-120 

-441-2 

4-8 

26 

128-122 

+445-8 

4-6 

20 

26+27-26 

1 

do 

II 

o 



120-119 

-1896-8 

8-6 1 


121-119 

- 668-8 

3-7 


120-121 

-1288-0 

0*2 


16+18-16 

-1-1=0 




122-120 

120-124 

122-12-i 


— 801-8 
- 181-2 
-1072-6 


20 +22—23+0*0=0 


120-121 

128-120 

128-121 


-1283-6 
- 441-2 
-1074-0 


18+26-20 


— 0 - 2=0 


1*1 

0-7 

0-4 


0-2 

4-8 

4-0 


1 

2 

86 


6 

6 

7 


10 

11 

18 


118-112 

118-110 

112-110 


-796-8 
- 56-7 
+786*9 


1—2—2-7=0 


Figxjbb between KAFm Kop and 


10-7 1 

6*0 8 
Fixed 0 


118-112 

114-118 

114-112 


- 796*8 
+2606-8 
+1709-6 


l+8-0+l-0=0 


116-114 

116-114 

116-116 


-1618-8 

+1782-8 

+8290-9 


6+7—6—6*7=0 


14-0 

19*6 

14*7 


119-116 
118-116 
119-118 


-1880-7 
+ 682-9 
-2670-7 


11+18—10—7’lsO 


18-7 

8-6 

9-8 


7 

8 
9 


116-116 

117-116 

117-116 


+8290-9 
+ 614-4 
-2781-4 


7+9-8-4-9=0 


12 

18 

14 


117-118 

119-118 

117-119 


-8469-6 
-2670-7 
- 908-4 


18+14—12—4*6=0 


Wepeneb.—J. 


10-7 

14-8 

9-3 


8 

4 

6 


114-118 

116-118 

116-114 


+2506*8 
+ 988-8 
-1618-8 


3+5—4+8-2=0 


14-7 

11-6 

12-7 


9 

10 

14 


117-110 

119-110 

117-119 


-2781-4 
-1880-7 
- 908-4 


10+14—9—2*7=0 


16-0 

9-8 

11-2 


14 

14a 

16 


117-119 

120-117 

120-119 


- 908-4 

- 998*8 
-1890-8 


144.14a—0*9=0 


14-8 

17-4 

14-0 


12*7 

18-7 

11-2 


11-2 

9-7 

Fixed 
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Fobmation op Equations op OoNDiiroN— coMinued , 


No. 

Station. 

DiSerenoe 
of Httght. 

1 

w 

No. 

Station. 

Differenoe 
of Height 

1 ■ 
W 

No. 

Station. 

DifFereuoe 
of Height 

1 

W 




Fioubb bbiwbbb Mabula Am) Lubist. 

—K. 




0 

117-118 

-8469-0 

Fixed 

2 

118-127 

4-2897-6 

21-7 

3 

128-127 

4-1683-0 

14-6 

1 

117-127 

- 568-7 

22-4 

8 

128-127 

4-158.3-6 

14-6 

4 

129-127 

4- 907-8 

10-4 

2 

118-127 

4-2897-6 

21-7 

7 

118-128 

4-1325-8 

17-8 

6 

129-128 

- 674-1 

10-6 


2—1-7-7=0 



d4-7-24-ll-8=0 



3+0-44-1-7=0 


5 

180-128 

4-258-7 

14-9 

8 

180-129 

4-987-0 

16-8 

10 

180-131 

+ 603-7 

11-0 

6 

129-128 

-674-1 

10-6 

9 

181-129 

4-271-9 

18-2 

11 

10-131 

-2208-4 

10-8 

8 

180-129 

4-987-0 

16-8 

10 

130-181 

4-668-7 

11-0 

18 

10-180 

-2867-4 

4-8 


64-8-64-9-2=0 



9+10-8- 

II 

0 



104-18-114-4-7=0 


11 

10-181 

-2208-4 

10-8 1 

1 

117-127 

- 668-7 

22-4 





12 

8-181 

-2621-8 

11-9 ! 

4 

129-127 

4 - 907-8 

10-4 





16 

8 - 10 

- 889-0 

Plied 

9 

181-129 

4- 271-9 

18-2 

* 






1 

1 


12 

8-131 

-2621-3 

11-9 






ll-12+28*9=:0 


1_ J _{)_12 + 12-7=0 


Ohaik —^Hopb To’ww to Wbpbnbu.—L. 


1 

186-184 

4-961-8 

11-9 

1 

1.35-184 

4-9.61-3 

11-9 

5 

13-135 

-84.3-6 

8 

188-184 

4-891-6 

Fixed 

2 

1.36—184 

4-603-9 

6-5 

0 

137-136 

- 0-0 

4 

186-188 

4- 47-6 

8-8 

6 

186-186 

-343-6 

10-1 

8 

187-130 

4-889-6 


4-1-12-2=0 


r,+l-2+8-8=0 


6+8-6+l-0=0 


64-11-7-0-6=0 


114 - 12 - 10=0 


104-14-9—0-2=0 


124 - 16 - 18 - 1 - 0=0 


144-18-164-2-0=0 


184-19-174-0-7=0 


174-20-10-0-4=0 


204-24-21-4-9=0 


244-26-23-0-4=0 


28-22-1-7=0 


5-264-2-8=0 


27-264-8-0=0 


2 

186-184 

4-603-9 

6-6 


8 

187-186 

4-889-6 

9-9 


9 

189-187 

4-176-4 

10-4 


16 

126-189 

4-890-8 

16-4 


22 

120-126 

-209-2 

12-6 



24-84-94-164-22-0-6=0 


Ohaik—^Ebookstad to Eiubbblxt.— 


24-6-9-7=0 


24-4-8-2-1=0 


64 - 8 - 64 - 0 - 6=0 


84-9-7-2-4=0 


94-12-104-1-0=0 


104-14-114-1-6=0 


124 - 14 - 184 - 4 - 7=0 


144 - 16 - 164 - 0 - 2=0 


164 - 19 - 174 - 1 - 3=0 


6 

187-186 

- 6-6 

12-2 

10 

188-187 

4-817-0 

6-8 

9 

189-187 

4-175-4 

7 

140-186 

4-664-6 

10-1 

11 

140-187 

4-669-7 

7-9 

10 

188-187 

4-817-0 

11 

140-187 

4-669-7 

7-9 

12 

188-140 

-262-7 

6-2 

14 

189-188 

-141-8 


12 

188-140 

-252-7 

6-2 

14 

189-138 

-141-8 

6-4 

17 

142-1.39 

4-454-0 

18 

141-140 

4 -888-8 

6-7 

16 

141-138 

4-636-6 

7-5 

Ifl 

141-139 

4-779-9 

16 

141-188 

4-685-6 

7-5 

18 

111-139 

4-779-9 

10-0 

19 

142-111 

-325-2 


16 

126-189 

4-890-8 

16-4 

20 

125-142 

4- 436-9 

13-0 1 

23 

124-125 

- 80-0 

17 

142-189 

4-464-0 

14-6 

21 

126-142 

4-1851-8 

19-4 1 

24 

120-126 

4-911-0 

20 

125-142 

4-486-9 

18-6 

24 

126-125 

4- 911-0 

17-1 

26 

124-126 

-942-0 


22 

120-126 

-209-2 

12-6 1 

25 

120-126 

-1124-6 

13-0 

26 

124-126 

-942-0 

28 

124-125 

- 80-6 

15-2 1 

26 

124-126 

- 942-0 

6-8 

27 

127-126 

4-488-8 

80 

120-124 

-180-8 

Fixed; 

SO 

120-124 

- 180-8 

Fixed 

29 

124-127 

-1370-0 


10-1 

12-2 

9-9 


10-4 

6-8 

6-4 


14-5 

10-0 

11-0 


16-2 

17-1 

6-8 


6-8 

2-0 

Fixed 


1 

107-105 

-116-4 

Fixed 

2 

176-106 

-615-6 

12-1 

6 

107-176 

4-890-6 

2 

176-106 

-516-6 

12-1 

8 

286-105 

-889-8 

7-6 

6 

176-176 

-108-6 

6 

107-176 

4-390-6 

10-6 

4 

285-176 

4-128-7 

7-1 

8 

176-107 

1 -498-6 


7 

174-107 

+868-7 

11-2 

9 

174-175 

4-869-9 

18-9 

10 

178-176 

4-889-8 

8 

176-107 

-498-6 

11-7 

10 

178-176 

4-889-8 

11-1 

11 

172-176 

+209-9 

9 

174-176 

4-869-9 

18-9 

12 

178-174 

-519-6 

7-7 

14 

172-173 

-127-8 


12 

178-174 

-619-6 

7-7 

14 

172-178 

-127-8 

6-1 

16 

170-172 

4-282-0 

18 

172-174 

-662-1 

18-6 

16 

170-178 

4-104-0 

7-8 

17 

171-172 

- 10-1 

14 

172-178 

-127-8 

6-1 

16 

170-172 

4-282-0 

6-0 

19 

171-170 

-240-8 


10-5 

9-2 

111-7 


111-1 

9-9 

6-1 


6-0 

6-7 

8-1 
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Fobmation of Equations or Condition— continued. 


No. 

Station. 

Dilferenoe 
of Height 

1 

w 

No. 

Station. 


1 

W 

No. 

Station. 

DifFerenoo 
of Ilcight. 

w 



Oninr- 

'EbOOHBTAD to EntBBBLBT.— 

-M— oonUnned, 



18 

168-170 

-341-4 

11-6 

20 

168-171 

-101-8 

9-6 

28 

166-168 

- 76-9 

7-2 

19 

171-170 

-240-8 

8-1 

21 

169-171 

+ 2-1 

6-8 

24 

169—168 

+ 90-0 

0-4 

20 

168-171 

-101*8 

9-6 

24 

169-168 

+ 90’0 

6-4 

25- 

166-160 

-172-2 

8-8 


19+20-18-1-2=0 


20+24-21-18-9=0 



24+26-28- 

o 

11 

CO 

lO 

1 


22 

164-168 

+ 67-7 

6-8 

26 

164-166 

+146-4 

6-2 

20 

168-164 

-8-14-7 

7-1 

28 

165-168 

- 76-9 

7-2 

27 

162-166 

+302-7 

5-2 

80 

162-164 

+ 167-1 

7-0 

26 

164-165 

+146-4 

6-2 

80 

162-164 

+167-1 

7-0 

82 

168-162 

-602-8 

6-9 


28 +26-22+1-8=0 


26 + 30-27 + 0-8=0 



30 +32-29- 

-1-0=0 


82 

163-162 

-602-8 

' 6-9 

27 

162-166 

+802-7 

6-2 

81 

162—162 

-322-9 

2-8 

88 

149-162 

-467-4 

7-6 

28 

162-166 

- 19-4 

6-9 

88 

149-102 

-457-4 

7-6 

85 

149-168 

+ 42-8 

14-1 

81 

162-162 

-822-9 

2*8 

34 

149-162 

-180-8 

Elxed 


82+ 86-83-8-1=0 27 +81-28-0-8=0 31-33+4-2=0 


28 

162-166 

26 

166-169 

21 

169-171 

17 

171-172 

11 

172-176 

8 

176-107 


- 19-4 

6-9 

-172-2 

8-8 

+ 2-1 

6-8 

- 10-1 

6-7 

+209-9 

9-9 

-498-6 

11-7 


28+26+21+17+11+8+23-7=0 


OnAUrS BKIWBEK KiUBKBLBT, OxTOSHOOP, AlTD Eboonstai).—^N. 


1 

162-162 

-825*2 1 

rixed 

2 

166-162 

-861-6 

2-8 

4 

167-162 

-342-0 

2 

166-162 

-861-6 

2-8 

3 

162-166 

+802-1 

Fixed 

6 

166-162 

- 29-1 

6 

166-162 

- 29-1 

2-4 

10 

166-166 

+ 48-8 

8-6 

9 

166-167 

+321-7 


6-2-2-7=0 



2+10-1-2 

=0 



4+9-6+8-8=0 

8 

166-167 

+870-8 

4-4 II 

7 

188-167 

+216-6 

4-4 

6 

184-167 

+ 138-3 

9 

166-167 

+821-7 

2-0 

8 

166-167 

+870-8 

4-4 

7 

188-167 

+216-6 

10 

166-166 

+ 48-8 

8-6 11 

11 

188-166 

-154-0 

1-4 

12 

184-183 

- 76-8 


9+10-8 

-0-8=0 



8+11-7+0-2=0 



7+12-6+1-6=0 

12 

184-188 

- 76-8 

4-6 H 

14 

186-184 

+244-4 

2-6 

16 

187-186 

- 27-6 

18 

186-188 

+479-6 

6-8 

16 

186-184 

+666-8 

6-4 

17 

186—186 

+810-7 

16 

186-184 

+666*8 

6-4 1 

17 

186-186 

+810-7 

4-2 

18 

187-185 

-388-0 


12+16-1 

8-0-0=0 


14+17-16-0-7=0 



17+18-16+0-2=0 

18 

187-186 

-838-0 

2-7 

21 

189-187 

-122-3 

6.3 

20 

190-187 

-832-9 

19 

188-185 

-450-0 

4-0 

22 

188-187 

-111-8 

8-4 

21 

189-187 

-122-3 

22 

188-187 

-111-8 

8-4 

25 

189-188 

- 9-1 

8-4 

24 

189-190 

+218-1 


18+22-19+0-2=0 



22 + 26-21+1-4=0 



20 +24-21+2-6=0 

28 

191-190 

+180-2 1 

4-1 

26 

191-189 

-84-0 

6-2 

28 

191-192 

- 30-7 

24 

189-190 

+218-1 

[ 4-2 

27 

192-189 

-60-2 

8-0 

29 

198-192 

+ 79-0 

26 

191-189 

- 84-0 

1 6-2 

28 

191-102 

-80-7 

8-8 

82 

193-191 

+104-6 


24+26-2. 

S-1-1=0 



27+28-26 + 8-1=0 



28 + 82-21 

)-6-2=0 

81 

194-191 

+198-1 

4-4 

29 

198-192 

+ 79*0 

8-8 

88 

194-198 

+92*0 

82 

198-191 

+104-6 

8-6 

80 

106-192 

+179-0 

6-1 

84 

196-198 

+99-6 

88 

194-198 

+ 92-0 

2-0 

84 

196-198 

+ 99-6 

1-7 

86 

101-196 

— 7-7 


82+88-8 

1 

II 

o 



29+84-8 

o 

1 

o 

II 

o 



84+35-31 

o 

II 

1—I 

o 

1 

85 

194-193 

- 7-7 

1-9 

86 

196-196 

+ 95-7 

8-6 

87 

196-194 

+ 101-4 

86 

' 196-196 

+ 96-7 

3-6 

86ii 

197-195 

+106-2 

8*4 

88 

197-194 

+ 112-1 

87 

196-194 

+101-4 

3-2 

40- 

197-196 

+ 8-9 

1-9 

40 

197-196 

+ 8-9 


86+87-8 

o 

II 

o 

r 

1 

CO 



36+40-86a-0-6=0 



87 +40-38-1-8=0 

89 

198-196 

+6-9 

0-8 

II 

190-198 

-11-8 

4-9 

44 

199—197 

—16-9 

40 

197-196 

*8-9 

1-9 

43 

197-198 

+ 1-8 

1-8 

46 

200—197 

+69-8 

48 

197—198 

+1-8 

1-8 

1 ^ 

199-197 

-15-9 

6-6 

56 

200-199 

+86-1 


89+48-^ 

10-0-2=0 



48 +44-41-2-8=0 



44+66-46+0-9=0 


2-0 

2-4 

2-0 


4-2 

4-4 

4-6 


3- C 

4- 2 
2-7 


3- 2 
6-3 

4- 2 


3-8 

8-8 

3-6 


2-0 

1-7 

1-9 


3- 2 

4- 0 
1-9 


5-6 

8-2 

4-9 
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rOBMATtON OB' EQUATIONS OB' OONDETION— cmtivmd. 


No. Station. 



Diffecrence 1 

No. Station, 



Ohaika BsiwmiN Kiubbblet, Onosnoop, aitd Uroonbtad.— ^N—eonftVitMdi. 


41 

199-198 - 11-8 

4-9 

51 

200-202 

- 141-8 

5-8 ! 46 

200-201 - 29-6 

42 

200-198 + 72-4 

4-6 

62 

199-202 

- 225-5 

6-0 ' 47 

202-201 + 104-6 

56 

200-109 + 86-1 

4-9 

55 

200-199 

+ 86-1 

4-9 i 61 

200-202 - 141-8 


41 + 66 - 42 + 1 - 9=0 



52 + 66 - 

61 + 1 - 9=0 


47 + 61 - 46 - 7 - 2=0 


202-201 

203-201 

202-208 


+ 104-6 

8-8 

49 

202-208 

+ 64-1 

8-9 

68 206 -202 

- 188-6 

+ 89-0 

1-2 

60 

204-208 

- 47-9 

4-1 

64 204-202 

- 108-8 

+ 64-1 

8-9 

54 

204-202 

- 108-8 

6-0 

66 206-204 

- 76-4 

7 - l - 6=0 



49 + 64 - 60 + 8 - 7=0 


64 + 66 -61 

o 

II 

• 

o 

1 

— 76-4 

4-6 

58 

205-206 

- 110*1 

3-8 

60 208-206 

- 12-8 

- 28-9 

2-4 

59 

207-206 

- 8-5 

0-4 

61 207-206 

+ 98-8 

- 110-1 

8-8 

61 

207-206 

+ 98-8 

3-7 

62 208—207 

- 111-6 


66 + 57 - 68 + 6 ‘ 8=0 


68 + 61 - 69 - 2 - 8=0 


62 208-207 

- 111-6 

8-2 

63 

209-207 

- 6-4 3-9 

66 210—209 

+■ 80-8 

68 209-207 

— 6-4 

8-9 

64 

210-207 

+ 76-8 1-9 

68 211-209 

+ 220-4 

66 209-208 

+ 102-8 

8-4 

66 

210-209 

+ 80-3 8-2 

69 211-210 

+ 140-0 

62 + 66-61 

)- 8 - 8=0 



68 + 66 - 64 - 0 - 4=0 

6 G + 69 - 6 f 

J - 0 - l =0 

67 . 212—208 

+ 90-6 

2-8 

70 

212-211 

- 126-0 8-1 

72 218-212 

+ 849-4 

68 211-209 

+ 220-4 

8-7 

71 

218-211 

+ 226-6 8-7 

73 214-212 

+ 82-6 

70 212-211 

- 126-0 

8-1 

72 

218-212 

+ 849-4 4-8 

74 214-218 

- 266-6 

68 + 70 - 67 + 4 - 9=0 



70 + 72 - 7 ] 

o 

II 

iH 

1 

72 + 74 - 78 + 0 - 4=0 

74 214-213 

- 266-6 

5-1 

76 

216-215 

- 181*6 6-2 

79 218—214 

+ 176-9 

75 216-218 

+ 66-2 

2-8 

77 

216-214 

+ 834-8 4-7 

80 216—214 

+ 166-3 

77 216-214 

+ 384-8 

4-7 

80 

210-214 

+ 155-3 4-8 

82 218—210 

+ 24-4 

74 + 77-76 + 2 - 1=0 



76 + 77 - 80 - 2 - 1=0 

80 + 82 - 79 + 2 - 8=0 

78 217-214 

- 29-1 

6-7 

78 

217-214 

- 29-1 6-7 

88 218-217 

+ 206-2 

79 218-214 

+ 176-9 

7-3 

80 

216-214 

+ 166-3 4-3 

84 219-217 

+ 158-8 

88 218-217 

+ 206-2 

4-6 

81 

217-216 

- 182-1 0-2 

86 219-218 

- 62-1 

78 + 83 - 79 + 0 - 2=0 


■ 

80 + 81 - 78 + 2 - 8=0 

88 + 86-8 

o 

II 

1 

85 219—218 

- 62-1 

6-0 

86 

220 -218 

+ 71-6 6-8 

88 222-218 

+ 98-8 ■ 

86 220-218 

+ 71-6 

6-8 

87 

221-218 

+ 68-7 6-4 

87 221—218 

+ 68-7 

95 219—220 

- 181-4 

2-0 

91 

220-221 

+ 16*2 2-7 

89 221—222 

- 87-4 

86 + 96-81 

1 

GO 

II 

O 



87 + 91 - 86 + 12 - 4=0 

88 + 89 - 8 ' 

r — 7 - 3=0 

89 221—222 

- 37-4 

5-6 

91 

220-221 

+ 16-2 2-7 

98 220—223 

- 67-6 

90 228—222 

+ 46-4 

5-8 

92 

223-221 

+ 78-4 8-2 

94 224—223 

- 86-0 

92 228—221 

+ 78-4 

8-2 

98 

220-228 

- 67-6 6-4 

97 224—220 

+ 20-8 

89 + 92 - 9 ( 

o 

II 

1 



92 + 98 - 9 ; 

o 

II 

OQ 

1 

93 + 97 - 9 ^ 

o 

K 

1 

96 225^220 

- 107-1 

2-1 

98 

226-226 

- 78-8 2-2 

,100 227-226 

- 46-8 

97 ' 224—220 

+ 29-8 

5-2 

99 

224-225 

+ 188-0 4-9 

102 224-226 

+ 212-6 

99 224—225 

+ 188-0 

4*9 

102 

224-226 

+ 212-6 8-8 

108 227-224 

- 258-8 

96 + 99 _ 97 + l - 6=0 



98 + 102 - 

99 + 0 - 8=0 

102 + 103 - 

■ 100 + 0 - 6 = 

108 227—224 

- 268-8 

6-2 

100 

227-226 

- 46-8 6-2 

101 92 - 98 

+ 166*8 

104 92—224 

- 11-6 

2-6 

106 

227 - 92 

- 245-2 4-0 

106 227 - 92 

- 246-2 

106 227 - 92 

- 246-2 

4-0 

108 

92-226 

+ 201-8 6-6 

107 98-227 

+ 78-8 

104 + 106 —] 

L 08 + 1 - 6 =C 

1 


106 + 108 - 

100 + 2 - 4=0 

106 + 107 - 

1 

o 

II 

O 

76 216-216 

- 181-6 

6-2 

02 

228-215 

+ 817-8 6-2 

06 229-228 

- 178-1 

02 228—216 

+ 817-8 

6-2 

04 

229-215 

+ 188-2 4-7 

06 280-228 

— 804-2 

08 228—216 

+ 499-8 

6-2 

05 

229-228 

- 178-1 4*6 

07 229-280 

+ 127-0 


61 + 62 - 60 - 0 * 4=0 


76 + 08 - 02 + 0 - 9=0 


02 + 06 - 04 + 1 - 0=0 


06 + 07 — 06 + 0 - 9=0 
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Fobmation of Equations of Condition— oonlinwd . 


„ I o. ^ I Diffwenoe 1 w ! Differenoe I 

No.} Stations, Height. W of Height. W* 


No. Statioim. 


Diffei’Hiico' 1 

of Height,; VV* 


flnATwa bXTWSEN KiUBBRLET, OlTOSHOOPj AND KrOOKSTAD .——OOHtilUUxU 


07 

229-280 

+127-0 

4-8 

1 08 

282-230 

-614-1 

4*6 on 

232-231 

— ,58-7 

09 

231-280 

1 -553-2 

4-3 

! 09 

281-280 

-653-2 

4-8 012 

2.38-231 

— 122-9 

010 

231-229 

07+010-( 

-685-4 

)9-5-2=0 

5-6 

Oil 

282-281 

09+011- 

- 68-7 
08+2-2=0 

5-9 014 

283-232 

Oll+OM- 

— 5(5*0 
■(ll2+K-2= 

018 

234-232 

+268-3 

5-1 

i016 

284-288 

+822-3 

7-0 016 

235-233 

+ 138-0 

014 

283-282 

- 66-0 

G-i) 

016 

235-233 

+ 188-0 

5-7 017 

17(5-233 ; 

+ 24-8 

015 

284-288 

+822-8 

7*0 

018 

285-284 

-183*7 

6-5 019 

235-17(5 

+ 122-5 


014+016-C 

518+3-0=0 

1 


015+018—1 

[)l(S + 0-6=( 

) 

0l7_ni(-,+9.8-.t) 


167-152 

184-167 

186- 184 

187- 186 

190- 187 

191- 190 
194-191 
196-194 

198- 196 

199- 198 
199-202 
205-202 


-842-0 

+138-8 

+244-4 

- 27-5 
-332-9 
+130-2 
+198-1 
+101-4 
+ 6-9 

- 11-8 
-226-5 
-188-6 


2-9 

GO 

4-2 

G5 

2*0 

G7 

8-() 

73 

8-2 

78 

4*1 

84 

4-4 

95 

3-2 

9G 

0-8 

98 

4-9 

100 

6-0 

107 

5-8 



208-206 

209-208 

212-209 

214-212 

217-214 

219-217 

219-220 

225- 220 

226- 225 

227- 226 
98-227 


- 12-3 
+ 102-8 
+ 90-5 
+ 82-6 

- 29-1 
+ 158-3 
-131-4 
-107-1 

- 73-8 

- 46-3 
^ 78-8 


018 235-234 

013 231-232 

08 232—230 

0(1 230-228 

03 228-21(5 

82 218—2115 

88 222—218 
90 223-222 

94 221—223 

104 92-221 

101 92- 93 


— 183-7 (5-5 

+ 263-3 5-1 

—611-1 4-(5 

-301-2 5-1 
+ im )-8 6-2 
+ 21-1 3-9 

•+• 98-8 5-5 

+ 45-1 5-8 

— 35-0 4-6 

— 11-6 2-0 
+ 16(5-3 iKlxotl 


-4-6-14-16-20-28-31-37-89-41+.52-.53-00-63 
-67-73-78-84+ 96-06- 98-100—107—11-8=0 


+018+013+08+06+03-82 
_88-9()-91 -104-17 • (5=0 


I^ianRB BETWEEN Vkrlobkn Vlki and Luiroro. — 0. 


70- 236 -1865-0 16-2 11 84 

71- 286 - 82-8 18-0 85 

70- 71 -1825-8 Fixed I 37 

87-86+6-4=0 

288—239 -1028-9 18-8 27 

287-289 - 628-5 16-8 28 

287-288 + 373-2 14-6 81 

30+88-81-22-2=0 


241-242 +415-8 19-9 

240- 242 +764-4 10-3 

241- 240 —846-8 |l7-2 

25+ 26-24+ 2-8=0 

248—247 — 996-6 9-4 
248—247 —2080-9 12-0 

243— 248 —1081-1 10-8 
8+12-9+8-2=0 

248— 260 + 8640-4 18-6 I 

249- 250 +1466-2 15-1 1 
248-249 +2178-9 16-6 
4+0-2-0-8=0 

242- 248 +1188-1 9-7 

244- 248 - 710-1 2-6 

242-244 +1847-9 8-7 
16+20-16-0-8=0 

246—^ —261-1 8-6 

246—244 +690-2 9-2 

246-246 +961-6 7-0 

18+21-19+0-8=0 


286- 287 +1106-4 16-0' 

71-287 +1126-4 14-1 

71-286 - 82-8 18-0 

84+87-85+6-2=0 

289-240 I +391-5 16-3 
237—240 —232-7 21-1 

287— 289 —028-6 10-8 

27+81-28-4-8=0 


16 f 242-243 ( +1188-1 9-7 

17 241-243 +15J5-5 14-9 

24 241-242 + 415-3 19-9 

16+24-17+7-9=0 

11 241-248 + 511-6 20-9 

12 248-248 -1081-1 10-8 

17 241—248 +1646-6 14-9 

12+17-11+2-8=0 

8 247-260 +4686-9 19-1 

4 249-250 +1466-2 16-1 

7 247-249 + 8166-7 9-4 

4+7-8-6-0=0 

14 245-248 — 21-4 ( 8-8 

16 242-248 +1138-1 9-7 

28 242—246 +1164-7 6-0 

14+28-16-4-8=0 

13 246-248 -971-0 1-9 

18 246-244 -261-1 8-6 

16+18-18-0-2=0 ' 


2!5(5—23H +152.5-H 114-7 

2!)7—23H + 373-2 il4-6 

255(5-237 +11(55-4 il5-() 

553+84—552+12-H=t5 

211— 210 —}54(l-3 17-2 

239-240 +.-591-5 15-3 

2!)9-241 +732-0 4-0 

2(5+29-27-5-3=0 

243—247 ~2O!5O-0 12-t) 

242— 247 — 399-9 1(5-3 

212- 213 +11,-53-1 ) 9-7 

9 + 15-10+7-1=0 

243- 249 +2173-9 1(5-0 

247- 249 +31(55-7 9-4. 

248- 247 - 99(5-(5 9-4 

7+8-(5-.l-3=0 

251-250 + 340*.') 11-j! 

248—250 +3(540-4 18-15 

248-251 +2803*0 13-5 

1+5-2+8* 1=0 

245—244 + (590*2 9-2 

242-2*14 +1347-9 3-7 

242-245 +1164*7 6-0 

19+28-20—8-0=0 

245-240 + 961-0 7*0 

242—240 +2107-6 8-6 

242—246 +1164-7 6-0 

21+28—22-1-3=0 
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Formation of Equations of Condition —oontinueih 


Station. 



No. Station. 



No, Station. 



PlQUaB BETWEEN PbBTORIA AND JOHANNBSBUBO.— P. 


21 

2G7-2G0 +4:JG'{) 

1-0 

19 

96-266 +74-0 

1-4 

28 

267- 96 

+ 10-0 

25 

2Gr)-2GG +353-9 

l-‘l 

23 

267— 96 +10-0 

2-0 

21 

267-266 

+436-9 

26 

2G7-2G5 +81-1 

2-4 

2G 

267-266 +84-1 

2-4 

27 

96—266 

+420-8 


2r)+2G-21+l-l=0 



19 + 28 -26-0-1=0 



28+27-24 

-0-1=0 

IR 

9G-2G4 I +7G5-8 

8-1 

17 

262-264 +368-1 

8-0 

17 

262—264 

+858-1 

10 

96-263 + 74-0 

1-4 

20 

265-262 +331-6 

8-0 

18 

96—264 

+765-3 

21 

2G5-2G4 +G90-9 

3-9 

21 

266-204 ) +690-9 

8-9 

22 

96-262 

+408-2 


19+21-18-0-4=0 



17+20-21-1-2=0 



17+22-18 + 1-0=0 

15 

2G2-203 +478-0 

2-8 

18 

262—260 I +287-5 

8-1 

11 

260-261 

+179-6 

16 

2G4-2G3 +117-7 

2-1 

14 

260—263 +189-5 

2-2 

12 

262-261 

+4B7-2 

17 

2G2—264 +858-1 

8-0 

15 

262-263 +478-6 

2-8 

18 

262—260 

+287-6 


16 + 17-16-2-8=0 



13 + 14-16—1-6=0 



11 + 18-12 

1—0-2=0 

9 

2G0-259 I + 99-0 

2-0 

7 

259—258 + 96-2 

2-5 

5 1 

267-268 

+ 17-6 

10 

259-261 + 80-1 

2-0 

8 

260—268 +194-9 

2-8 

0 

269—257 

+79-9 

11 

260-261 +179-5 

1-8 

9 

260—239 + 99-0 

2-0 

7 

259-258 

+9G-2 


9 + 10-11-0-4=0 



7+9-8+0-8=0 



6+0—7+] 

-2=0 

8 

267-252 +164-5 

2-6 

1 

252- 84 + 48-0 

1*8 

1 

252- 84 

+ 48-0 

4 

268-262 +160-1 

2-8 

2 

267- 84 +206-8 

2*2 

a 

262-254 

+107-7 

5 

267-268 + 17-6 

2-0 

8 

257-262 +104-6 

2-G 

h 

84-264 

+124-0 


»4 + 6—3+8*ls=0 



l+8-2+0-7=0 



1+5—a—0 

II 

o 


262-254 

+ 167-7 

2-6 II 

1 

252- 84 

+ 48-0 

262-258 

+149-9 

2-8 

0 

252—268 

+ 149-9 

258-264 

+ 17-2 

0-7 11 

d 

84—258 

+106-1 

c+«—a—O' 

'G=0 



1 + cZ-c-O' 

■8=0 


18 

96—264 

+765-3 

16 

26-1—263 

+117-7 

14 

260—268 

+ 189-6 

8 

260—258 

+ 194-9 

4 

258-262 

+ 150-1 

1 

252- 84 

+ 48-0 

18 + 16-14+8 + 4+1-2*1 = 


PjlKTORrA QuADiai,ATBlUr.—Q. 


a 

254-265 

+245-7 

0-9 

i 1 

251—230 

+82-5 

0-9 

a 

264—256 

+2^16-7 

b 

264-256 

+ 82-6 

0-9 

d 

258-256 

+99-7 

0-9 

6 

268-264 

+ 17*4 

c 

256-266 

+161-8 

0*8 

e 

258-264 

+17-4 

Fixed] 

/! 

268—266 

+208*2 


6+c—a—1'4=0 


5—{Z+0*2=0 


a-/-0-l=0 
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Table N. 


Besnltmg Ooirections to the Differences of Ileighl. 


4=- 

0*9 

7= + 

1*6 

8=- 

0*1 

9 = + 

4*7 

10 = + 

5*3 

11= + 

1*2 

12= + 

0*1 

18 =+11*4 

14= + 

8*4 

15= + 

16*7 

16= + 

5*7 

17 =_ 

2*5 

1B= + 

6*6 

19 =_ 

2*3 

20 = _ 

8*6 

21=_ 

4*4 

22=- 

1*4 

28=- 

0*2 

24=- 

1*8 

26 = + 

0*1 

26 =- 

1*4 

27= + 

2*9 

28 = + 

2*8 

29 =- 

1*6 

Equatiom D. 

0 =- 

4*6 

1 =— 

0*6 


1*1 

8 =- 

8*7 

5 =- 

0*6 

6 =- 

8*7 


Equa-hon a. 

Equation E. 

81=+ 7*8 

62 =- 8*0 

32 =- 3*1 

63 =- 3*8 

83=+ 0*4 

64=+ 4*4 

84 =+ 5*0 

05 =- 4*0 

35 =- 2*9 

00 =- 0*0 

86=+ 0*3 

67=+ 0*1 

37 =- 1*9 

68=+ 8*3 

88 =- 1*3 

69 =- 0*8 

89 =- 2*2 

70 =- 2*3 

40=- 8*1 

71=+* 0*4 

41=+ 1*9 

72=+ 0*6 

42=+ 1*1 

73 =- 1*7 

43=+ 0*1 

74=+ 0*7 

44=+ 2*5 

75=- 1*5 

46=+ 2*1 

76=+ 1*3 

46 =- 0*4 

77=+ 2*2 

47 =- 8*0 

78 =- 2*1 

48 =+10*5 

79=+ 4*7 

Equation B. 

Equation P. 

1=+ 2*1 

15=+ 5*6 

2=+ 2*2 

10 =+ 0*9 

8=- 1*1 

17 =- 1*5 

4=+ 0*8 

18=-10-5 

6=- 0*2 

19=+ 3*6 
20=+ 2*6 
21=+ 8*1 

Equation G. 

22 =— 0*6 


23 = + 

24 = + 
25= + 
26=_ 
27=- 
28=_ 
29=- 
80 =- 
81= + 
32= + 
33 =- 
S4 = + 
35= + 
86 =_ 
87= + 
38=- 
89 =- 
40= + 
41= + 
42=- 


1*4 

0-5 

5-1 


2-8 

2-8 

0-8 

0-6 

0-9 


Iqu^tioh G, 

49 =- 8*4 

50 = + 2'9 

51 =_ 10-1 

52 =_ 1-8 
58= + 

64 = + 
65=- 
66=- 
57= + 
68 =_ 

69 =- 


8-8 

8-6 

3*9 

3*9 

1*8 

9*1 

1*8 


iHquatioii G 

{conty 

Equation J {co»it 

60 = + 

0*2 

T) 

= + 

0*1 

01 = + 

1-8 

4 

=+ 

i*;5 

2= + 

4-7 

n 

= 

2*0 

«=- 

;j«r) 

2 

= — 

1*1 

4 = - 

1*9 

1 

=+ 

1*0 

5= + 

0-8 

0 

=+ 

0*() 

6 = + 

1*5 




7 = — 

4*9 




8= + 

()-9 

Equation K. 

9=- 

8*1 




10= + 

1*4 

1 

= + 

1*3 

ll=*f 

0*4 

2 

=+ 

9*0 

12 =- 

0*0 

1) 


2*9 

13= + 

1*5 

•1 


2*9 

M =- 

0*2 

T) 

= 

o-o 



(I 

= — 

1*7 



7 

=+ 

0*1 

Equation 

II. 

8 


8*1 



9 

=+ 

0*5 

(1= + 

3*2 

10 

= — 

7*2 

7= + 

0*3 

11 

= — 

7*0 

8=~ 

1*2 

12 

=+ 

16*1 

9 =- 

1*8 

13 


5*0 

10= + 

0*4 




31 =- 

0*2 




12=-. 

0*5 

Equation J* 

1;)=-. 

1*0 




14=- 

1*7 

1 

= ^ 

5*9 

15= + 

0*1 

2 

zr. — 

1*0 

16 =- 

1*3 

4 

=+ 

6*7 

17= + 

0*5 

9 

=*f 

0*7 

18=- 

2*4 

0 

=+ 

l-T) 

19=- 

1*0 

7 

= + 

1*0 

20 = 

0*0 

8 


0*8 



i) 


0*1 



10 

= + 

o*n 

Equation I. 

11 


0-(l 


15 =- 
10 = 
17= + 
1R= + 
19= + 
20 =- 
21 =- 
22 = + 
28= + 
24=- 
26 =- 
26 = + 
27=+ 


0*fi 

0*0 

0*6 

()*(i 

1*1 

0--1 

0*8 

0*9 


0*8 

0*4 

8*1 


Equation J. 


14a = - 


14 

18 

12 

11 

10 

9 

8 

7 

6 


= + 
= -f 
= + 
=+ 


= •+• 


1-0 

1*9 

3*2 

0*0 

3*2 

0*7 

1*6 

2*8 

4*1 

1*5 


12 = + 
13 = + 
M =- 
15= + 
16 = + 
J7=- 
18 =_ 
19 = + 
20 = + 
21 =- 
22 = + 
23= + 
24 = + 
25= + 
20 = + 
27 =- 


O'3 
0*3 
0*2 


0*1 

1*4 


2*5 

0*5 

•1*7 

2*4 

1*5 


Equation W. 


2 = + 
3= + 

5= + 

8 =_ 
9= + 


1*6 

1*3 

1*2 

5*1 

0*5 

6*8 

5*1 

0*7 


Equadon M (notif.). 


10 =- 
1 ! =- 
12 =- 
13 =- 

15 =- 

16 s=- 

17 a=- 

18 =_ 

19 =- 

20 = + 
21 =- 
22 =- 
23 =- 
24= + 

25 =- 

26 = — 

27 =- 

28 ss- 

29 =_ 

30 s- 

32 = + 

33 = + 
35 = + 


2*1 

2*4 

3*H 

1*0 

1*9 

2*8 

1*1 

2*9 

2*1 

3-1 

2*2 

7*0 

1*5 

3*2 

4*7 

2*6 

0*1 

0*6 

3*7 

0*5 

1*3 

2*3 

I-H 

1*9 

3*2 


Equation N. 


2 

•I 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 
23 
2*1 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 
30a 

37 


= + 
**f 


—h 
= + 
= *f 

= *f 

= + 
= + 


= + 


= + 
“ + 


+ 

+ 

■f 

+ 


= + 


0*1 

4*1 

2*8 

0*5 

1*1 

1*6 

1*9 

1*1 

0*3 

0-1 

0*5 

0-4 

0*0 

0*4 

0*3 

0*1 

0*0 

0-3 

1*2 

0*1 

0*5 

1*0 

0*1 

2*6 

1*6 


1*9 

1*0 

2*4 

0*2 

0*2 

0*1 

0*6 

0*7 

1*3 
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=- 1-3 
=- 1-1 
= - 1M5 
= - 1-1 
= + 1-7 


Beanlting Oorrectioiis to tlie Differences of Height. 


16 =— 3-3 
Hi =— o-f) 

17 =+ .1-0 
1 H =+ 0-2 

H )=+ 0-1 

20 =- 2.6 

21 =_ ()-.l 

22 =- 1-3 
23=+ 0-1 
24 = O’O 

26 =- .1-7 
20 =+ 1*0 

27 =- 1-2 
2 fl =- 10-6 
25)=s+ 2-7 
30=+ 1.1-6 
.31 =- 6-0 
32=+ H-11 
38=+ 2-7 
3-1 =— C-0 

36 =- 2-2 
30=+ 4-0 

37 =- 1-8 


Eqvatiok P. 

a=- 0-6 
i = 0-0 

o=- 0-1 
fl=+ 0-6 
e =+ 0-2 
1 =+ 0-2 
2 =+ 1-0 


Equation Nf (con/.). 

Equation IT (oont). 

78 =- 0-2 

03=+ 1-6 

74 =- 2-3 

04 =+ 3-7 

75=+ 1-3 

05=+ 1-1 

70 =- 1-1 

Ofi=+ O-i) 

77=+ 1-6 

07 =- 0-4 

78 =— 2-0 

08=+ 1-4 

79 =- 0-0 

09 = 0-0 

80 =— 1-7 

010 = + o-o 

81 =- 2-0 

011=- 0-8 

82 =_ 1-7 

012=+ 6-8 

83 =+ 1-2 

013=+ 2-3 

84 =_ 3-0 

014=- 2-1 

86 =_ 0-0 

015=+ 1-4 

80=+ 6-0 

010=+ O-l 

87 =_ 6-2 

017=- 3-2 

88=+ 0-2 

018=+ 4-1 

89=+ 1-9 


90 =_ 2-0 


i 91 =_ 2-2 


92=+ 0-6 

Equation 0. 

; 93=+ 1-0 


1 94 =_ 2-0 

1 =- 2-7 

' 95=+ 2-2 

2=+ 0-9 

90=- 1-4 

3=+ 0-3 

97 =_ 0-4 

4=+ 2-7 

98=_ 1-1 

6=- 4-6 

99=- 0-0 

fl=- 1-6 

100 = 0-0 

7=+ 2-6 

102=- 0-3 

8=+ 0-7 

108=- 0-3 

9=— 0-1 

104=— 1-9 

10=+ 3-7 

106=+ 0-1 

11 =+ 3-4 

1 107= 0-0 

12 =- 4-0 


18 =- 0-6 

02=+ 1-3 

14=+ 1-1 


0 

7 

H 

i) 

i 10 


+ ()-.l 
+ 0-1 
+ 0-7 
+ 0-3 


+ 1-2 
+ 0-6 
+ 0-0 
+ 0-3 
+ 1*4 
+ 0-7 

- 0-9 

- 0-3 
+ 0-3 

- 0-7 

- 0-1 
+ 0-7 


BQDAnOK Q. 

«=- 0-4 
6=+ 0-3 
o=+ 0-7 
fl=:+ 0-6 
/=- 0-6 
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Probable 19. An analysis of the probable errors of height is given in the following 



Column 


1 gives the distinguishing letter for each set of ecj^untioiiH. 

2 gives the number of observed differences of height in otich sot. 

3 gives the number of conditions. 

4 gives the number of triangles. 

5 gives the average length of a side in miles. 

6 givM the probable error of a single dotermiuatinii o(‘ a 

difference of height derived from the errors of closuro in 

triangles, and computed by the formula 0’6745\/|'^ whore* 

t A® is the sum of the squares of the tiiangulai* en’ors, and Nf 
is the number of triangles. The probable errors ax’s for (ui 
average length of side m each figure. 

7 gives the probable errors per mile, obtained firom the qxuintitios 

in column 6 by the formula 

probable error per mile = en-or per average side 

V number of miles in side 

8 gives the prolxable error per mile of a single determination, 

from the residuals after solution of equations, by the foimula * 

0-6745 

where (j>v*) is the sum of the weighted squares of the 
residuals, and n* the number of conditions. 

9 gives the probable error of an average side by the formula: 

probable error average side 

= probable error per mile X ^/number of milfto 
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Column 10 gives the average probable error (per mile) of aa adjusted 
difference of height, computed by the formula 



where e is the probable error of observed difference of height 
(column 8) 

n is the number of observations 
rij is the number of conditiona 


20. AflHnmiTig the average probable error of an adjusted difference^ of Oom- 
height to be i feet per mile, it is interesting to compare the theoretical 
pro^ble errors with discordances between results from vertical angles and ^ 

from actual levelUng from Delagoa Bay. Taking Zwartkop, Natal, where the angles and 
discordance is only I ’6 feet, as a datum, we liave the following comparisons at levolliug. 
other stations:— 




Heigh h. 


Tlieovotical 

Station. 

Didtanoo from 
Zwartkop. 

Prom 

Y. Angles. 

B.r 

Levelling. 

L. - Y. 

^ p.e. of 

V. Tfeigbl. 


Miles. 

■peet 

Peot. 

Poet. 

PeoL 

S* end Belfast base .. 

280 

6391-4 

6399-9 

+ 8-f) 

± 5-8 

Mubklenenk .. 

400 

4739-8 

4748-6 

+ 8-8 

dr 7-0 

Observatory Hill 

460 

5930-0 

6986-1 

+■ 6-1 

d=7-6 

E. end Eroonstad base 

670 

4691-7 

4684-4 

- 7*3 

d: 9-1 


The distances in the second column are through the chains in which the 
vertical heights were adjusted. 

21. The probable errors of the heights of the base lines are:— Heights of 

base Hues. 


Base Lina 

Distance from 
Zwartkop. 

Probable Error of 
Height. 

■ 

Milea 

Peet 

Belfast. 

280 

d: 5-8 

Ottosboop •. .. .. .. .. 

520 

db 8-0 

Wepener . 

880 

d= 10-1 

Kroonstad . 

670 

d= 9-1 

Houts Biver. 

440 

d: 7-4 


COMPABISON OF THE BASE BAKS WITH THE 
CAPE STANDARD. 

22. In 1888, November-December, the base bars were compared with previous 
the Cape Standard at the Royal Observatory. Full details of these com- compariBon, 
parisons are given in the “ Iteport on the Geodetic Survey of South Africa,” 1888. 

voL I, chapter H. When the base measures for the present survey were 
completed it was decided to recompare the bars, in order to ascertain whether ' 
any displacement of the terminal lines has occurred since the 1888 com¬ 
parisons. Accordingly the comparateur and the standard bar were brought 
up from the Cape. An iron shed was erected in the yard of the survey 
offices, the concrete piers and supporting walls for the rails were built, and 
the whole apparatus fitted as described in the report above referred to. 

23. A defect, either common to all the base bars, or peculiar to the 
Standard, was discovered during the prelitninary work. It was found im- 

(14181) L 3 
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possible to place tlie wires of the micrometers so os to be pamllel both to the 
termiiuil lines of the bsse bar tuid of the standard. That is to say, if the 
wh’es are set parallel to the lines on the base bar, and the standard is then 
brought under the tniorosoopes, its lines ai'e inclined thus;— 





MtC CL 



shewing that the indination of the lines to the axis is different on the 
standard to what it is on the base bar. And this difference is the same for 
all the base bars. In consequence of this difference of inclination, when the 
bars are placed so that all the lines are parallel to each other, and arc then 
brought under the microscopes, they lie thus :— 


I- 

[■; 








Sanuuer 
and winter 
compaii- 
Bons. 


Methods of 
comparison. 


It is evident that if the distance <l is greater than the field of view of the 
microscopes, it is irajjossible to compare the bars with aU lines ])arallel. Tlie 
field of view of the microsoopes, in the direction of the wires, is 0’072 inch. 
The distance d was determined in two ways. The wires of the mioi'ometei’S 
were set parallel to the lines on the l)a8e biu.‘, and the 
standard then brought under the microscopes; the distance 
c (see figure), in the direction of the axis of the base bar, 
was measured with the micrometer; the wires were then 
set at light angles to ab\ and the len^h ah measurecl 
These measures gave the indmation = and this for a 
length of 10 feet gives d = 1-75 inches. Next, the bai’s 
were taken out of their boxes and supported, side by side, 
on one of the carriages of the comparateur. The wires of the micrometers 
were set pMallel to the lines on the base bar, and the standard was moved 
until its Tines were parallel to the wires. The distances between the ex¬ 
tremities of the bars were then measured. As a check, the process was 
reversed, the wires being set on the standard and the b^e bar moved to 
parallelism. These measures gave rf == 1*9 inches. 

In the comparisons, the wires were always set parallel to the lines on the 
base bar, and the linM on the standard were bisected at their centres. 

24. The comparison of the bars was commenced on Sept. 14 and continued 
to Oct. 26, 1905. ^ The obaeiwers were Mr. Robinson and w. Cochrane. The 
conxlitions prevailing during these measures were very trying. The mean air 
temperature in the iron shed was frequently over 100 degrees Fahrenheit 
durmg the comparisons, and the temperature was seldom uimorm throughout 
the room. The results of these comparisons were not considered satisfactoiy 
and it was decided to re-compare the bars in the winter. The winter opera- 
tmns were oommenoed on May 22, and concluded on July 21, 1906. The 
observers were the Superintendent and Mr. Robinson. 

U-) ^ the summer comparisons, the wires of the microscopes were 
set parallel to the lines of the bar under comparison with miorometer heads 
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south, before beginning the measures of a bar. The comparison wtw then 
made as follows;— » 

I. (1.) The standard bar was brought under the microscopes, and both its 
thermometers read. 

(2.) One obsei*ver took his stand at micrometer a, and made and 
recorded three pointings on the terminal division of the bar; 
the other observer simultaneously imiking three pointings 
with micrometer h on the other terminal divisioiu 

(3.) The observers exchanged ends, and made six pointings each, on 
the terminal line under his microscope. 

(4.) The observers again exchanged ends, and made three pointings on 
the bar. 

(5.) Thermometers were read. 

II. The bar to be compared was bi*ought under the microscopes, aiid the 
whole of the operations of process I. repeated, 

III. The micrometer heads were turned through 180 tlegrees, and the wires, 

set parallel to the lines of the bar under comparison. Process 
n. was then repeated. 

IV. Process I. was repeated. 

These four processes constitute one complete comparison. Each observer 
recorded hie own readings of micrometer heads and thermometers, The 
observers always faced east. 

(b.) In the winter comparisons, the pointings and readings of ther- 
mometeis were as described for the summer operations. The order, however, 
was changed, and the nmoaber of measures doubled. The readings were 
recorded by Mr. Cochrane. The order of comparison was as follows:— 


Set 

Position of Observers. 

Position of Micr. Ili^ads. 

Boho Bor or SlAudurd. 

I. J 

f 1 

F(ice last 

North .. .. ,. 

fiasQ Bar. 

1 

12 •• 

99 99 • • « . 

„ • • • • 0 t 

Stnudoi'd. 

IL -i 

ri 

Face West 

South .. 

Sttuidard. 

1 

12 •• 

99 99 • • • . 

99 • • • ■ • • 

Base Bar. 

HI. J 

ri 

Face West 

Inwards 

Base Bar. 

1 

12 •• 

99 99 • • • • 

99 • ■ • ■ 

Standard. 

IV. J 

ri 

Face East 

Outwards 

Standard. 

1 

[2 

*} 99 • • • • 

9$ 0 0 0 0 

Bose Bar. 


These four sets constitute one complete comparison. In sets I. and III. 
the wires were set parallel to the lines on the Base bar; in sets II. and IV. 
they were set on the standard, the normal inclination being estimated by the 
obseivers. 

26. The thermometers used in the bars were :— 

In the standard : Nos. 192886 and 116832. 

In the base bars : Nos. 116839, 116833, and 116826. 

These are all old thermometers. They were compared with the standard 
4514, at every 5 degrees Fahrenheit (approximately), in August 
and beptember, 1905, and m Jnue and August, 1906. No sensible dijaerenoe 
was found m the corrections determined on these dates. The adopted 
corrections are:— * 


L 4 


Thermo- 

metors. 


(14181) 
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ViJnes of 
one 

reyolntion 

of 

miGTometei 

screwa 


Aeaults. 


Mean Beading. 

Ooirections to 

Mean of Standard 
Thermometers. 

Oorrections to 

Moan of Bast^ Bar 
Thermomet<irH. 

o 

32 

0 

- 0-48 

n 

- 0*48 

36 

0-50 

0-52 

40 

0-48 

o*r)i 

45 

0*42 

0*60 

50 

0*88 

0-52 

55 

0-40 

0*61 

00 

0-40 

0-48 

65 

0-89 

0-4.3 

70 

0-44 

0-40 

76 

0-45 

0-36 

80 

0-47 

0-28 

86 

0-47 

0-30 

00 

0 45 

0-28 

95 

0*41 

0-28 

100 

-0-41 

— 0-25 


27. The adopted mean values of one revolution of the microiiiet(H' 
are:— 

For the measures in the Summer of 1905 : 

Mic. a = 0‘0853 rain. Mio. h = 0'0837 lum. 

For the measures in the Winter of 1906 : 

Mia a =. 0'0850 mm. Mic. h = 0'0837 imu. 


These mean values depend upon measures of the standard nnllimotri’H A 
and B made by each observer during the observationH. 

28. resulte, for both the summer and the winter compariHouK, aro 
given m the following pages:— 

Column 1 gives the date of comparisons. 

)) 2 gives the true temperature (T), in degrees coutlgrado, of tho 

standard bar. 


99 


99 

99 


99 


99 


3 gives the true temperature (t) of the base bar. 

4 and 6 give the measured excess of the bnse bar abovo iho 

standard, m terms of revolutions of the micrometor sorows. 

6 gives the excess expressed in millimetres. 

^ l^gth of the standard at tempemtui’e T, computod by 

Si = 3047‘4268 (l -f 0-000011320 T + 0-00000000833 T**) 
^ IsD^gth of the base bar, that is, the sum of 


9 gives the length of the base bars, derived from the results of 
^ 1888, on the assum])tion that the true 
c^cie^ of expansion are the same for all the baso Imu-h 
T he lengths are computed by the formula 

L, sLj," +0-033105 («'’-23’) + 0-00001923 fr~23''l« 
where ^ ' 


99 


Ljg for bar A. = 3048-16.55 mm. 

»> » » B = 3048-1628 

» ji >j C ~ 3048*1843 

» „ „ D = 3048-1749 

» » „ E = 3048-1847 


VVT.o. neporc. 


C - 0 . residual errors of observation 
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Below the tables are given the normals and the results of the solution for 
each bar. It is assumed that the obseiTations may be represented by equations 
of the fonn 

.r + 0 * ?/ + ^ * 2 = A/ 

and the values of the lengths .of the bai-a and the coefficients of expansion, 
given above, are substituted in the equations os approximations to x, y, and z. 
0 is put =t° — 23° 


COMPAEISON OF BARS 1905 Airo 1906. 


CoaiPAnisoN op Bae A with Stamdaed Bab m thr Summer op 1905. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

Date. 

Temperature of 
Standard T, 

Temperature of 

Bar A t 

— St 

In terms ol micsro- 

A* — Sr expressed 
in millimetres. 

Length of 

Standard at 
Temperature T. 

Measured Length 
of Bar A at 
Temperature t. 

1888 Length of 

Bar A at Tem¬ 
perature 

Residuals. 

meter. £ 

a 

3crewa 

h 

i 

ii 

1 






1 



mm. 



1906 

'O. 

°0. 

r 

r 




3017+ 

microns. 

microns. 

Oct. 20 

22-94 

25-17 

+0-8144 

-0-1584 


1-2810 

1-2447 

1-2874 

-5-68 

-4-33 

21 



+0-4110 

-1-2128 

Km Mil 

1-1648 

1-0958 

1-0951 

+0-67 

+ 1-56 

21 

21-52 

21-52 

+ l-824r) 

SEMI 

Bimif?!l 


1-1186 

1-1105 

-0-71 

+0*25 

21 

22-21) 

22-f-)! 


—0-1850 

-0-0612 

1-2079 

1-1167 

1-1493 

+ 1-03 


23 

28-HO 

12-23 

-0-1631 

—5-1(102 

-0-4458 

1-2(517 

0-81,59 

0-8112 

—2-18 

-3-00 

28 

2r>-92 

6-71 

-3-3(i32 

—4-990-1 

-0-7044 

1-3375 

0-(5331 

0-6313 

+2-74 

+0-15 

23 

27-17 

4-23 

-2-1598 

-7-6 W5 

—0-8241 

1-3823 

0-5579 

0-5509 

-1-22 

-4-78 

28 

2rt-(m 

1-78 

—3-li392 

-7-4732 

—0-93(50 

1-4150 

0-4790 

0-4717 

-0-00 

-4-72 

24 

22-f)r) 

i7-(>r) 

—2-9(573 

+0-3245 


1-2171 

0-9912 

0-9889 

—0-79 

-0-38 

24 

24-SI 

30-42 

-2-6159 

+3-9768 


1-2978 

1-4160 

1-4122 


+0-41 

24 


34-14 

-1-6037 

+4-1059 


1-3296 

1-5399 

1-6807 

+1-’'21' 

+2-15 

23 

22-82 

2G-K8 

_1-8(505 

+2-9096 


1-2089 

1-2941 


+2-13 

+3-42 

25 


30-88 

—1-1099 

+ 3'2tjt)8 


1-2881 

1-4100 

1-4092 

+1-25 

+2-47 

25 

26-19 

32-08 

-1-5050 

4.8-0417 


1-8472 

1-4734 

1-4677 

-2-14 

-1-01 

26 

28-78 

24-60 

-1-8067 


Him|m 


1-2153 


+1-63 

+2-78 


The resulting noimals are 

15 A® - 33-98 + 1556-9 Aa: - 45-0 = 0 

- 33-98 A® + 1556-9 Ay - 18900-6 Az + 238-21 = 0 
+ 1556-9 A® - 18900-6 Ay + 439987-4 Az — 8049-74 = 0 


whence 


Microns. IVeight. 

A® = + 1-47 8-04 

Ay= + 0-080 681 

Az = + 0-01654 li8690 


Probable 

Error 

Microns. 

±0-60 
± 0-0674 
± 0-0049 


Probable error of a single compaa-ison = ±1-69 microns. . 


Equation of Bar A. 

mm. 

3048-1670 ± -033185 d + -0000358 ^ 
± -0006 ± -000067 ± -0000049 

where 6 == t — 28° Cent. 
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CoMPAUisoN OP Bati B avttii Standard Bar 


IN THE SOMMMR OP 


1905. 


1 

2 

8 

4 

6 

c 

7 

8 

9 

10 

11 

Date. 

Temperature of 
Standard T. 

Temperature of 

Bar B f. 

B,-S, 

In terms of micro¬ 
meter Screws. 

B/ — St expressed 
in millimetres. 

Length of 

Standard at 
Temperature T. 

Measured Length 
of Bar B at 
Temperature 

1888 Lengtii of 

Bar B at Tem¬ 
perature t. 

Rosiduala 

Different 

CoeflScients. 

Same 

Coefficients. 

a 

b 







mm. 

mm. 

mm. 




"O. 

“(J. 

r 


mm. 

,3017 + 


3047 + 

mici-oiifl. 

luiorcms. 

Septl4 

13-TS 


+l-fi727 

-4-8474 


0-9017 

0-0110 

0-0400 

+3-5(5 

+3-85 

Ifl 

12-77 

12-34 

+3-0098 

-3-0(1(19 


0-8710 

i)-82()8 

0-8121 

—2*02 

-3-4(1 

l.l 

Ifi-IM 

21-13 

+3-600(1 

-2-4483 


1-OlHO 

1-1117 

1-1010 

-3-(11 

— 1-89 

IG 

13-29 

13-13 

+2--1821 

—3-()88] 

-0-().|(58 

0-SS93 

0-8126 

0-8379 

+ 1*00 

+0-(53 

IH 

9-24 

9-15 

+0-6818 

-1-()13S 

-0-0860 

0-7472 

0-7122 

0-7083 

+ 1-0(5 

+ 1-42 

1» 

14 *39 

29-79 


+8-4164 

+ 0-4711 

0-0280 

1-3991 

1-3876 

— 1-17 

-4-0(5 

IG 

12-OH 

12-72 

+0-2201 

-0*4035 


0-84(57 

0-8317 

0-8245 

-l-()(5 

— 1-98 

11) 


13-92 

—0-0080 


-o-ono 

0-8H22 

0-8707 

0-8(538 

-0-58 

-1-115 

w 

lfi-2iJ 

17-f)3 

-0-8746 

+0-8213 

-0-0069 

0-09.60 

0-9891 

0-9823 

-.0-04 

-1-37 

20 

IS-41 

32--HI 

+3-0228 

+ 1-8206 

+ 0-4108 

1-0700 

1-4808 

1-1757 

+2-31 

+3-20 


lf)-9(i 

JO-2.'} 

+0-8707 

—3-0746 

—0-2!529 

0-9H33 

0-7504 

0-7438 

—0-8(1 

_l-8! 

2t\ 

IB-29 

0-4H 

+0-0080 

^7-3232 

-O-.'iOlO 

0-9960 

0-4.340 

0-4270 

-3-33 

_()-(17 


1S‘03 

fi-07 

+0*0926 

—5-HlSH 

-0-4791 

1-06(56 

0-5771 

0-6764 

4.2-76 

+3*06 

2fl 

21-20 

31-03 

+2*6144 

+2-0979 

+ 0-3900 

1-1(591 

1-5591 

l-!)6«4 

_l-.36 

+0-83 

2t) 


32-«4 

+H-5(1(55 

—6-(5819 

+ 0-2661 

1*2420 

1-497J 

1-4901 

+0-70 

+ 1-74 

25 

24-92 

27-86 

+7*28(50 

-7-0800 

+0-024(5 

1-3017 

1-32(53 

1-3238 

+ 4-92 

+4-.60 


The resTolting noimals are 

16 Aa- 87-73A1/ 
- 8773 Aa + 2359*1 Aj/ 
+ 2259*1 Aa - 26858 A?y 

whence 

Mioroiia. 

Aa = + 7*22 
Ai/ = + 0*061 
A2 = - 0*0048 


+ 2259*1 Aa — 

100*6 = 0 

- 26358 A2 + 

883*55 = 0 

+ 567668 6a- 

12292*08 = 0 

Woifflit. 

Probable 

BxTor 

MicroiiH. 

6*7’2 

±0*74 

993 

± 0*0609 

188941 

± 0*00516 


Probable error of a single comparison = ± 1*92 microns. 

Equation of Bor B. 

mm. 

8048*1700 + -OSaiOO 6 + *00001490 ^ 

± *0007 ± *000061 ± *0000052 

where 6 — t— 28° Cent. 
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Comparison op Bar C with Standard Bah in the Summer op 1905. 


1 

2 

3 

4 

6 

6 

7 

8 


9 

10 

11 



] 

■g 

0/-St 

In terns of micro- 

1| 

*. S 

Measured length 
of Bax 0 at 
Temperature t. 

•8^ 

Bosiduals. 


Date. 

d)H 
a 'O 

•§ a 

-1 < 

meter Screws. 

u 

cB 3 

•bII 

1 

8 

^ . 

1 

|l 

iS o 

go 

s 

' 


si 

Tempera 
Bar 0 

a 

h 

«y'1 

1.9 

c? 

tij 

r* 




"0. 

•’0. 

r 

r 

mm. 

mm. 

3047+ 

jBB 

sTifrcW 

iniorons. 

microns. 

Oct. Ifi 

17-78 

11-20 


-2-8393 


1-0477 



-2-55 

- 1-33 

1(5 

18-77 

8-13 

-2-9405 

-1-6998 

BffSa 

1-0827 


0-69(l3 

-1-88 

+ 0-79 

1(5 

21-31 

3-50 

Bsn^ 

-3-0031 

-0-6273 

1-1730 

0-5457 

0- 

54(51 

-1-92 

+ 3-.87 

IG 

23-84 

1-99 

-4-9294 

-1-008(5 


l-2k')3 

0-4897 

0- 

1972 

+4-44 

+ 10-70 

16 

24-70 

1-05 

-5-7461 

-4-0187 

-0-8287 

1-2939 

0-10.52 

0- 

10(5!) 

-1-82 

+ 5-05 

17 

18-29 

12-7(5 

-2-5123 

-0-0373 

nmoi 

1-0058 

0-H4K4 

0-8473 

+0-70 

+ 1 2(5 

17 

niffza 

15 • 05 

-2-8095 

+0-7080 

-0-1754 

1-1179 

0-9425 

0-9420 

+2-45 

+ 1-94 

17 

ora 

17-05 

-2-4020 

+0-6508 

-0-1581 

1-1178 

0-9892 


+2-28 

+ 1-32 

18 

18-20 

22-90 

-1-8085 

+3-27215 

+0-1197 

1-0647 

1-1814 

1- 

IjSSM 

+2-12 


18 

19-52 

25-79 

-1-5808 

+8-(5584 

+0-1757 

1-1094 


1- 

2768 

-1-89 

_ 4-67 

18 

28-84 

82-80 

-0-G752 

+8-96G4 

+0-2785 

1-2458 

1-5188 

1- 


+0-15 

- 2-64 

19 

28-84 

28-82 

-2-2220 

+3-9406 

+0-1408 

1-2458 

1-3801 

1-8776 

-1-20 

- 4-07 

19 

23-G9 

29-60 

+2-2900 

-0-4638 

+0-1674 

1-2578 

1-41.52 




19 

24-61 

83-58 

+8-049G 

-0-0790 

+0-2584 

1-2900 

1^5440 

1-6807 

+ 1-24 

- 1-49 

19 

26-41 

86-40 

-f2-8898 



1-8551 

1-0101 

1- 

0814 


— 1-92 

19 

27-5(5 

32-82 

+2-087(5 

-0-0725 

+0-1218 

1-3908 

1-5181 

J- 

5112 

+ 1-46 



The resulting normals are 


16 Ax - 53’96 Ay + 24.27-3 

— 63-96 Ax + 2427-3 Ay — 27892 to. 
+ 2427-3 Ax-27892 Ay + 721426 A? 


61-5 =0 
602-46 = 0 
1484-60 = 0 


whence 


Microns. 


Ax =+5-55 
Ay =+ 0-3254 
A* =— 0-00403 


WeigLt. 

6-65 

1146 

180167 


Probable 

EtTor 

Microns. 

± 0-63 
± 0-048 
± 0-00393 


Probable error o^ a single comparison =± 1.63 microns. 


Equation of Bar 0. 

mm. 


3048-1899 + -033430^ + -00001520* 
± -0006 ± -000048 ± -0000039 


where 6 = t — 23° Cent. 
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OouPABisoN OP BA.a D WITH Standard Bab in thb Sttmmkr dp LS)()5. 


1 

% 

3 

4 

5 

6 

7 

8 

9 

10 

11 


M-C 

«4H 


^ d 

S 

... £ 

■s ^ 

Sp p 

o a 

H . 

Ill 

ItoHidualfl. 

Date 

li 

o 

£ 


hi ® 

S;d 

Ijength of 
Standard ai 
Temperatm 

1 

1 

11 

o 

Temperal 

BarD 

a 

b 

rAS 

i.g 

p 

ss & 
i'sl 

p® c 

III 

rH 


*3 

1905 

°a 

°0. 

r 

r 

mm. 


niiu. 

8047+ 

lum. 

3047+ 

microns. 


Oct 9 

20-83 

mktM 

+8*6804 

-4*3203 

-0-0517 

1*1659 

1*1042 


+0*K() 

+ 1-47 

9 

22-62 

6-62 

-8-8737 

-2-8966 

-0-6728 

1-2196 

0*64(58 

0*(i378 

-3-04 

—3*50 

9 

2G-11 

2-51 

-5*6984 

-4-1804 

-0-8856 

1*8448 


«*.5047 

+ 3-04 

+ 2* 00 

10 

18-57 

8*88 

-2*5726 

-1*6711 

-0*8693 


0*7164 

0*7097 

-1*16 

-.1-36 

10 

20-66 


-8*4301 

-3*9148 

-0*6202 

1-1504 


0-5231 

-.0-23 

-1*18 

10 

22-13 

1*27 

-2-7472 

-5*8774 

-0*7262 

1*2022 

0-1760 

0*4646 

-3-97 

-5-20 

10 

23-13 

ESI 

-0*9886 

-8-3051 

-0*7790 

1-2378 

0*4.588 

0*4.501 

-1*12 

-2-43 



Era 

-2-8202 

-7*1269 

-0*8871 

1*2885 

0*4464 

()*4420 

+ 3*27 

+ 1-92 

11 

U-24 

10-26 

+ 1*0816 

-8-0339 

-0*1617 



0*7563 

+ 0-62 

+ ()*,58 

11 

14-99 

11-92 

+ 1*0506 

-2-6869 

-0*1363 


0*81.38 


+ 1-H2 

+ 1*91 

11 

13-81) 

13-32 

-0-6148 

-0*8215 

-0*1213 


0-8596 

iff Ml 

+ 1-61 

.+ 1*KI 

11 

17-89 

16-12 

+0-6442 

-1*8780 

-0*1018 

iff 

0*9498 

0*9481 

+n -20 

+ 3*64 
-3*16 

12 

14-97 


+ 2-1084 

-0*6411 

+0*1263 


1-0747 

1-0659 

-3-79 

12 

16-10 

22-41 

+2-1323 

-0*0775 

+0*1764 


1-1637 

1-1554 

-3-01 

-2*30 

12 

18-96 


+2-1773 

+0*4686 

+0*2245 

1-0895 

1*8140 

1*3076 

-0-27 

+ 0*17 

12 

19-65 


-5-2944 

+ 7*9081 

+0*2102 

mmm 

1*8242 

1*3189 

niBUii 

+ 1*65 

IS 

13*81 


-2-1844 

+ 7*4610 

+ 0*4424 


1*4205 

1*41,59 

+ 2-39 

+3*09 

13 


31*G7 

+1-5689 

+4*0782 

+0*4785 

0-9982 

1*4717 

1*4634 

-0*85 

-0*21 

IS 

18*48 

84*88 

+1-1787 

+4*6676 

+0*4912 

mmym 

1*5619 

1*5.541 

+ 0*63 

1 1*16 

13 

19*56 

35-33 

-0-4408 

+ 6*2479 

+0*4858 



1*5860 

-O-HK 

-0*42 


The resulting normals are 


+ 


20 A® - 135*87 Aj/ + 3689*6 Aa - 

136*87 Lx + 3639*6 Ay - 56386 Az + 

3639*6 Lx - 56386 Ay + 1265624 Aa - 


127*9 

827*3 

25374 


0 

0 

0 


whence 


Microns. 


Aa!=+5*87 
Ay =+0*1438 
La. =+0*01103 


Weight. 

8*92 

1055 

284802 


Probable 

Error 

Mici'Oiis. 

±0*521 
± 0*0477 
± 0*00321 


Probable error of a single comparison =±1*55 microns. 


Equation of Bar D. 

mm. 

3048*1803 + *038249 6 + *0000303 ^ 
± *0005 ± *000048 ± *0000032 


where 0 i ~ 23® Cent. 
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COMrAHIBON OF BAB E WITH STANDARD Bab IN THE SOMMEB OF IDOS. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 


t 


—St 



:a-S-- 

o a 

JResiduals. 



*o 




^ 0 
§ 

1 i 

£ 



Date 

L 

meter Screws. 

s "S 

•sll 

■g.i 

^ o 

1 


g rS 








S 9 

S.!a 



o^a 

fri 1 

H S 

£e 



S CO 

P 

a 

b 

19 


|oH 


ij 

ii 







mm. 





1906 

"0. 

"0, 

r 

r 

mm. 

3047+ 


sfiffcW 

microns 

microns 

Sept 27 

19-62 

20-07 

-0-2960 


+0-0089 

1-1094 

1-1188 

1-1078 

+0-70 

+1-88 

28 

17-57 

17-67 

-0-8850 

+0-r)lR3 

BiBiKgga 




+ .3-66 

+4-07 

28 

18-22 

18-40 

-1-0188 



1-0633 

1-0446 

1-0848 

-3-08 

-3-lC 

29 

17-84 

12-03 

-2-9482 


-0-2177 




-1-79 

-*2-03 

29 

19-07 

14-77 

-2-4089 


-0-1761 

1-0984 

0-9183 

Mlfil 

+1-40 

+1-50 

SO 

10-18 

16-70 

-0-7061 


-0-0428 

0-9011 

0-9488 

0-9462 

+3-62 

+3-84 

80 

10-98 

10-90 

-i-7or)i 

+1-4004 

BEEH 

1-0194 


0-9833 

+0-98 

+1-32 

Oct. 8 

14-08 

-0-19 

-4-9020 

-0-7(571 

-0-4823 


0-4380 


+4-66 


8 

15-07 

1-99 

+0-7062 

-,5-9R83 

-0-4410 

p-9619 

0-6109 

0-4976 

-3-89 

4 

17-52 

18-03 

+2-1440 

-4-2789 

-0-1749 


mm 



-0-74 

4 

18-00 

9-59 

+1-9978 


-0-8027 

1-0576 


0-7442 

-.3-64 

-4-28 

4 

20-47 

7-05 

+0-6069 

-6-1739 

-0-4735 

1-1481 

\m 


-0-82 

-1*42 

6 

18-61 

22-60 

+8-7048 

-2-5654 

+0-1018 


1-1748 

EBEa 

-0-27 

+ 0-44 

6 

19-22 

27-78 

+3-7462 



1-0987 

1-8488 

1-8430 

+ 2-19 

+2-98 

6 

20-07 

29-00 

+ 8-6938 


+ 0-2826 

1-1289 

1-4116 


+ 0-88 

+ 1-14 

6 

22-84 

88-15 

+4-7669 



1-2276 

1-5828 


BBOM 

-0-44 

6 

28-76 

86-04 

+4-7888 

Bff ^ 

+0-8844 

1-2699 

1-6943 

1-6862 

+ 1-77 


6 

21-04 

80.18 

+4-7018 

Riff 


1-1847 


1-6227 


-0-41 

6 

28-40 

84-09 

+4-4591 

-0-7888 

+0-3148 

1-2496 

1-5644 

1-6642 

-0-73 


C 

26-42 

28-87 

+8.6444 

-8-0688 


1-8196 

1-3782 


-2-65 

-1-88 


The resxilting uorraals ai‘e 


20 Aaj - 65-69 Ay + 2484-7 As - 

— 65-69 Aa3 + 2484-7 Ay - 24988 As + 

+ 2484-7 Aaj - 24983 Ay + 695222 A« - 


152-9 =0 
4-24-96 = 0 
21756-08 = 0 


whence 


Microns. Weight. 

Acb = + 6-49 10-8 

Ay = + 0-1284 1537 

As = + 0-01278 261816 


Probable 

Error 

Microna 


± 0-528 
± 0-0489 
± 0-00380 


Probable error of a single comparison = ± 1-72 microns. 

Equation of Bar E. 

mm. 

3048-1912 +-033233 ^+-0000319 
±-0005 ±-000044 ±-0000084 

where*28’’ Cent. 




















































OOMPATUflOISr OF BAlt A WITH STANDARD BaR IN THE WiNTBB OF 190G. 


1 

2 

8 

4 

5 

G 

7 

8 

9 

10 

11 




Ap-St 




•M 1 

o d 

lloHidualH. 


0)^ 

o 

la toruiB of mloro- 

g 1 

-p § 

§ P 
-^'^1 

.^S 




§ 

meter Scsrewfl. 

cd p 

m 

if 

Date. 

II 

■i 



g*! 


« S3 1 

£ 




§ 



-iir'a 

Le 


gpq & 


•3 


II 


a 

b 

til 

gCQH 

i ^ 

S'S^ 

§8II 

gts 

® dS 
tS 0 

gl 



H 






-X 

iH 

go 








mm. 

uini. 

mm. 



1900 

•0. 

'0. 

r 

r 

mill. 

30.17 + 

30.17 + 

3017+ 

niicroiiH 

nucrons 

Ma722 


10-1.1 

+0-2121 


-0-0370 

0-7882 

0-7503 

0-7528 

+0-22 

+0-87 

23 

12‘HI 

3-1-3.3 

+ (>-11.101 


4 0-(>()8(l 

0-872(1 

1-5112 

1-5432 

+ 1-84 

-0-21 

23 

15*12 

3(1-1)1 

+3-1)371 

+•1-1070 

+ ()-()785 

0-0.53(5 

1 -15320 

1-(5.107 

-1-27 

—3-7!) 

20 

11‘0(J 

J()-tf.l 

+ 0-88(18 

—1-1212 

-0-013(1 


0-7072 

0-7(500 

-0-43 

+ 0-10 

2H 

11-IH 

1M!3 

—0-11)00 

-3-(l().l0 

-()-818.“> 

()*HMi) 

()-.l(l(i5 

0-4(5(5!) 

-2-81 

-1-77 

2H 

12-87 

—0*01 

+ 0-().')30 

-5-(Hilo 

—0-.1(1.50 

0-8715 

0-4087 


+ 0-00 

+ 1-08 

2il 


(i’73 

+•0-3808 

-3-.'>1)113 

—0-21)80 

()-8()()3 


0-0322 

+2-01 

+2-80 

80 

12 •21 

11-1(1 

+ 2-118.'i 

—3-0501 

-0-0750 



0-77(51 

-2-31 

-1-70 

June 2 

8 •.>•)() 

20-(>7 

+ 0-(l()J8 

+3-(10.53 


0-7235 

1*0888 

1*0880 

-1-,51 

-1-71 

f) 


27-27 

+.'>-21)03 

+ 0* 58(18 

+ 0*41)1)5 

0-80(55 

WIiMiJ 

pHTiTn 

+0-37 

-0-(!.l 

0 

8-5H 

8- Ki 

-1 1-200(1 

-1-7228 

-O-OIM 

U-7240 

LWtjgll 

■i 

+3-11 

+ 3-80 


TUe I'esnltiiig iioi'iuuIh are 

11 Lx — 84-47 Ly + 2253-3 Az + 20-8 := 0 

- 84-47 Lx + 2253-3 Ly — 30538 As - 307-7 = 0 
+ 2253-3 AaJ - 30538 Ly + 725377 As + 5558-4 = 0 


wlieace 


Miuruiia, Weight. 


I’robttblo 

Brrot 

Microns. 


A!f=;-1-1() 3-9 

Ly — + 0-088 941 

As = - 0-00050 154634 


±0-71 
±0-014 
± 0-00356 


Probable error of a single ooniparisou = ± 1-40 microns. 


’ Equation of Bar A. 

mm. 

3048-1644 ±-033193 0 ±-0000187^ 
±-0007 ±-000014 ±-0000036 

where 0 == # — 23° Cent. 
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OoMPAitTSON OP Bab B with Standard Bau in thb Wintbe op 190G. 


1 

2 

I 8 

4 

5 


0 

7 

8 

1) 

10 

11 


ll 

*0 

B,-St 

lu terms of micro- 


ll 

Eh 

s 

S’., s 

■“i 

Keaidnala. 

Date. 


meter Screws. 


ll 

o8 B 

‘sll 

Measured Leo 
of Bar £ 
Temperata 

M+g o 

§ a 


1 

■a 

SI 


si 

11 


a. 

b. 

T.«- 

OS'S 

i.a 

wT 

lll 

rH 

1 

'1 

ci 

1'^ 

1906 

•0. 

“0. 

r. 

r. 

mm. 

mm. 
8047 + 

mm. 
3047 + 


microns. 

microns. 

July 18 

10-41 


+0-7612 

-1-1664 

i m 

0-7883 

0-7548 

0-7667 

+0-*J8 

-0-84 

18 

10-47 

BUffS 

+0-74H0 

-1-1700 


0-7903 

0-7660 

0-7674 

+2-77 

+1-46 

14 

7-74 

7-89 

-1-8278 

+ 1-8867 


0-6948 

0-6665 


-3-23 

-4-09 

14 

7-74 

■rlg«] 

-1-8860 

+ 1-3811 


0-6919 

0-6641 

I Im 

B 

•03 

-8-49 

16 

6-71 


-2-0897 

-0-3171 

BBS 19 

0-6238 

0-4020 

'B 1 

D 

•31 

-2-77 

16 

7-62 

-0-89 

-2-8028 

-1-8510 

-0-3088 

0-6907 

0-3819 

'ff <i!S| 

+1-82 

+ 0-88 

16 

7-68 

-0*87 

-2-3012 

—1-4079 

-0-3184 

0-6926 

0-3701 

0-3887 

+6-83 

+3-88 

17 

6-02 

-1-21 

-1-9376 

-1-0032 

-0-2502 

0-6346 

0-878-1 

0-3728 

-4-98 

-6'86 

1« 

7-09 

80-07 

+6-4870 

+ 6-8460 

+0-0557 

0-6721 

1-6277 

1-6291 

-2-48 

+ 0-48 

18 

7-61 

86-04 

+4-7908 

+f)-9780 

+ 0-0070 

0-6865 

1-6941 

1-6977 

+ 0-16 

+ 2-88 

19 

6-91 

86-68 

+4-6167 

+7-0186 

+0-U709 

0-6809 

1-6108 

1-6177 

+8-16 

+ 0*01 

19 

8-69 

86-78 

+4-4722 

+6-1766 

+0-8970 

0-7242 

1-6218 


-s 

t-32 


20 

6-88 

8-89 

-0-0691 

+0-9080 

+0-0697 

0-6128 

0-6820 


+2-68 

+1*16 

20 

6-06 

28-24 

+2-2690 

+6-0246 

+0-6972 

0-6869 

1-8830 

1-8867 

+2-66 

+8-59 

20 

6-49 

28-06 

+2-2096 

+6-7801 

+0-6768 

0-6510 

1-8277 

1-8809 

+2-20 

+3-00 

20 

8-68 

10-14 

-0-0411 

+4-8886 

+0-3128 

0-7260 

1-0889 

1-0862 

-2-08 

-8-63 

21 

8-34 

22-18 

+0-5198 

+4-5147 

+0-4221 

0-7156 

1-1377 

1-1366 

-1-84 

-1-97 


The resulting normals are 


17 Ax- 105-81 At/+ 
— 105-81 Ax + 4087-1 Ay — 
+ 4087-10 Ax — 58330 Ay + 


4087-10 A2+ 5-90 = 0 

583.30 Az + 378-4 = 0 
U5407 92 Az — 273 = 0 


whence 


Microns. 
Ax =+ 0-11 
Ay =-0-1853 
Az =- 0-00669 


Weight 


Probable 

EiTor. 

Microns. 


5-6 

1780 

343648 


±0-87 
± 0-0488 
± 0-00352 


Probable eiTor of a single comparison =± 2-06 microns. 


Equation of Bar B. 

mTTL. 

3048-1629 + -032920 ^ + -0000125^ 
± -0009 ± -000049 ± -0000035 


where 6 — t — 23° Cent. 
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(ii-Sr 

In terms of mioro- 
meter Screws. 


1906 • 0. 

July 5 6 *68 
.i 0-70 
5 

5 

6 
6 

fi 9-91 

6 9-93 

7 8-92 
9 8-26 
9 8*29 
9 11-01 

10 


—2- 

1-94G4 +2-013:1 

1- 9680 +2-0080 

2- 8397 +2-0297 
2-9841 +0-0106 


8-92 36-60 


6-58 


% • 

Eh 

II i 

dj 

CO ® 1 

J’i E 
til 

1.9 ! 

cT 

r!. 


iniu. 

ram. 

3017-f 


d * fn 

ajrj es 
"S 

o?® E. 

50 


linn. 
3047 + 
i)-6.6:ii) 
l)-6r)4() 
i-6:ur. 
1-6322 



I-6:$K1 +K-IH 


1-6333 1-6320 
1-3113 1-3312 


The resulting normals are 

19 Ax— 116-63 A7/+ f)l05-5A2-- 3f)-K(l 

- 116-63 A* + 5105-5 Ay— 67849 As + 210-2 
■f 5105-5 Ax — 67849 Ay + 2044017 As — 7902 


whence 


Iklicrons, 

Ax =+ 2-97 
Ay=— 0-0473' 
As =- 0-00512 


Weight. 

5-8 

2406 

368438 


i'l'obuliln 

Ei-rta-. 

MicraiiH. 

± 1*12 
± 0-0524 
± 0-00423 


Prohahle error of a angle compai-ison = ± 2-57 inicvonH. 

Equation of Bar C. 

mm, 

3048-1873 + -083058^ + -0000141^ 

± -0011 -000052 i -0000042 

where 0 = 1-28° Cent. 


?jme* 

Coefficient^. 
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OOMPAIUBON OF BaH D WITH StAITDAHD BaE IN THJffl WiNTHB OF 1906. 


1 

2 

8 

4 

5 ■ 


6 

7 

8 

9 

Date. 

M-l 

o . 

0) H 

!1 

•8 

D/-S. 

In terms of micro¬ 
meter Screws. 

*1 

0 

fl 

'.g 

5 

EH 

III 

Measured length 
of Bar D at 
Temperature t 

■s i 

|«| 


geo 

Is 

im 

6H 

a 

b 


III 

00^ i 

1906 

“0. 

'0. 

r 

r 

TniTi. 



Hjiryen 

June 26 

6-61 

7-19 


+0*9689 

Bini 1 ^ 

0*6661 

0*6617 

0*6662 

26 

6-78 



+0*4869 

HW1J 


0*6661 


27 

6-59 



+0*8178 

Wiy;; 

0-6545 

0*4164 

w ||:a 

97 

7-08 


-8*2789 

+0*6681 




iff 1 ! a 

27 

9-10 


BSMI 

-1*8889 

-0*1867 


0*6664 

iflt 1 * n 

28 

mBUt 


-2*4756 

+7*6624 

+0*4809 



iB 7>!1 

29 



+2*0556 

+4*1968 

+0*5217 

iS? [In 

1*1686 

1*1649 

29 

9-26 

86*86 

+6*7618 

+8*5899 

+0-8710 

iartviM 

1*6189 


80 

7-22 

18-59 


-1*1718 

+0*8468 

0*6766 


rBi^rn 

July 2 

7-63 


+4*8296 

+ 6*8169 

+0*8974 

|[igiii>f 

1*6684 

1*6817 

2 


87*17 


+ 6*6117 


ufimil 


1*6479 

8 

^1 

miSm 

+8*6689 

+7*6678 


0*6516 

kBivMsl 

1*6986 

8 

12'26 

28*76 


+2*8841 

iBii 

0*8681 

■ill 

1*8661 


10 


11 


Beeidnnls. 


+2*22 
+2*60 
+1-22 
-2*26 
-2-80 
-2-82 
-0-96 
+ 8-50 
+8*66 
—6-40 
-0*68 
+4-12 


nucrona 
+4*02 
+4*88 
+0-77 
-2-47 
-1-78 
- 0-02 
+1*04 
+0-66 
+ 6-11 
—7-72 
—4-01 
+1*88 
2-48 


The resulting normals are 

18 A® — 44‘91 Ly + 2650 A» + 9'20 s= 0 

-44-91 A® + 2650 Ay — 29420 Aa —288*7 = 0 
+ 2650 A® — 29420 Ay + 928128 Aa + 1837 = 0 


whence 


Microns. Weight. 

A® = — 2-21 4-5 

Ay = + 0-165 1422 

Aa = + 0-01016 218329 


Probable 

Error 

Microns. 

± 1-05 
± 0-059 
db 0-00477 


Probable error of a single comparison = db 2-28 microDS. 


Equation of Bar D. 

mm. 

3048-1727 + -033270 9 + -0000294 ^ 
± -0011 db *000059 ± -0000048 


where 6 ss t — 23® Cent. 


(14181) 


M 
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CoMPiLEOSON OP Bab E with Stanjdabd Bab, in thb Wintbb op 1906. 


1 

2 

8 

4 

6 

6 

7 

8 

9* 

10 

11 



•s 

B,- 

— Sg 


« g 

f-i 

•si 

Eeraduals. 

Date. 

li 

Temperatnre 
Bar E U 

In terms of micro- 
laebbv Screws. 

11 

I.S 

P? 

Lengtih of 
Standard a 
Temperatn 

iil 

jEh ^ 

tf'S g 

ll 

i 

1 


& a 

a 

h 

9<h § 
S oEH 

|iSl 

tH 

|l 

go 

if 
i s 

CQ 

1906 

«o 

“0 

r 

r 

mm. 

mui. 
8047 + 



microns. 

micronH. 

June 7 

10*44 

10*59 

+1*7252 


-0*0147 

0*7894 

0*7748 


0-00 


7 

12*82 

12*95 

+1*5562 

-1*8358 


0*8729 

0*8616 

0*8538 

+0*04 

-0*23 

B 

11*31 

80*19 

+6*8999 

+4*1557 

+0*8008 

0*8108 

1-0206 

1*0248 

-5*70 

-5*19 

g 

7*56 

17*86 


+4-40^0 

+0*8262 


1*0133 

1*0149 

+0*19 

-0-87 

11 

10*92 

0*47 

-1*3474 

-2*9588 

—0*3017 


0*4443 

0*4485 

+0*19 

+0*94 

12 

7*81 

-0*11 


-8-* 9108 

—0*2713 

0-6078 



—0*38 

+0*49 

18 

11*42 

86*15 


+2*2724 

+0*7944 



1*0234 

+1*45 

+2-01 

14 

10*07 

34*02 

+8*0140 


+0*7872 

mmm 

1*5629 


+6*47 

+ 5*75 

14 

11*72 

36*68 

+8*8310 


+0.7998 

0*8341 


1*6893 

+1*41 

+2*00 

15 

8*88 

25*29 

+0*4307 


+0*6274 




-1*39 

-2-23 

10 

10*42 

31*18 

+7*7302 

+0*1285 


0*7887 


1*4604 

-2*43 

-2*07 

16 

7-95 

9*97 

+2*1897 

-1*5520 

+o-()r)Gi 

0*7024 

0*7585 


-4*09 

-4*72 

1« 

9*18 

4*.88 

+0*2505 

—2*3304 



0*5718 


EBilllf 

+ 0*10 

19 

8*80 

0*84 

-0*7008 

-2*7094 

-0*2915 

0*7818 

0-4404 

0*4443 

-0*15 

+0*04 

19 




-2*4099 


0*7413 


0*4638 

+0*42 

+ 1*09 

19 

11*40 

12*89 

+2*1640 

-2*1181 


0*8228 


0*8352 

+4*29 

+8*46 


The resulting normals are 

16 Aa — 98-16 Ay + 3692-1 A« + 47-8 = 0 

-98-16 A® + 3692-1 Ay — 49843 Aa - 284-43 = 0 

+ 3692-1 A® — 49843 Ay + 1357129 Aj + 13097 = 0 


whence 


Miorona. 

A® s= - 1-58 
Ay = - 0-074 
A* = - 0-00807 


Weight. 

5-2 

1626 

265868 


Probable 

Error 

Microns. 

±0-87 
± 0-049 
± 0-00884 


Prohahle error of a single comparison = ± 


1-98 microns 


Equation of Bar E. 


mm. 

8048-1881 + -033031 B + -00001121?^ 
± -0009 ± -000049 ± -0000088 


where 0 = e — 28° Cent. 
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29. If it is assumed that the coefEicieuts of expansion are the same for 
all the base bars, -we get for the lengths of the bars:— 

From the comparisons in the summer of 1905; 


mm 


A=8048-1681'| 
± -0006 

B=3048-1689 
± -0006 


0=3048-1875 

+0-038268^+0-0000269^ 

± -0006 

^± -000028 ± -0000021 

D=8048-1810 
±-0006 

Probable error of a single comparison : 

E=3048-1919 

microns 

± -0005 J 

±2-08 


From the winter comparisons of 1906: 


A=:8048-1689'^ 
± -0007 


B=3048-1629 
± -0007 


0=3048-1867 
± -0007 


I +0-083076^+0-0000166^ 
( ± -000025 ± -0000019 


D=3048-1746 
± -0007 

E=8048-1821 
± -0007^ 


Probable error of a single comparison : 
microns 
±2-24 


where, as before, ^=t'—23®. 


30. The probable errors are very nearly equal in the two sets of 
comparisons, if, however, we examine the distribution of the residual eri-ors 
(given in column 11 of the preceding tables), and compare with the theoi-etioal 
totribution, we find a much better agreement between theory and obseivation 
in the 1906 comparisons than in those of 1905. 


1905 OompariBoiiB. 


No. of ErrorB. 

Between 



microna 




Theoretical, 

Actual 

0 & 1 

22 

18 

1 & 2 

20 

81 

2 & 3 

16 

10 

8 & 4 

12 

12 

4 & 6 

8 

10 

6 & 6 

6 

8 

6 & 7 

2 

2 

over 7 

2 

1 
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Between 

microns. 

No. of Errors. 

Theoretioal. 

Actual. 

0 & 1 

18 

22 

1 & 2 

16 

16 

2 & 8 

14 

18 

8 & 4 

10 

10 

4 & 5 

7 

7 

5 & 6 

6 

2 

6 & 7 

8 

8 

over 7 

8 

8 




M2 


Lougilis of 
bar& 


Oomp^ison 
of residual 
errors. 
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Comparison 
.'with 1888 
results. 


Ground 

standards. 


Discord* 
anoes old v. 
new. 


Moreover, as has been stated (paragraph 24) the comparisons of 1905 were 
made nnder conditions quite unsuitable for accurate -work. The results may, 
therefore, reasonably be rejected. 

81. The 1906 results agree very closely, in the sum of the bni’s, ■with the 
original results of 1888. The equations of the bars, upon which the lengths of 
the bases depend, are given in Table A. of Geodetic Survey Repoit, Volume I., 
p. 42. For purposes of comparison, they may be put in tbe following 
equivalent form:— 

nun. 

A = 3048-1662 + 0-0381460 + 0-000002830® 

B = 3048-1616 + 0-0330810 + 0-000042440® 

C = 8048-1862 -j- 0-0384140 + 0-000009140® 

D = 8048-1734 + 0-0326280 + 0-000057570® 

E = 8048-1862 + 0-0331630 - 0-000007540® 

32. The CTOund standards for the bases were always 480 feet in length. 
The Bel&st, Ottoshoop, and Wepener ground standai-ds were measured in 
12 length of the bars B, C, D, and E ; the Kroonstad and Houts Itiver 
standards in 9 lengths of the 5 bars + A -f B + E. 

Put I for results of the original comparisons of 1888, 

„ n for results of 1906 comparisons (separate coeHicien'ts), 

„ in for results of 1906 comparisons (same coeffioieut), 

S = 480 feet. 

Then from Belfast, Ottoshoop, and Wopener, 

mm. 

f I. 146312-4768 + 1-5874320 + 0-00121930® 

S = II. 146312-4720 + 1-5878480 + 0-00080640® 

[ m. 146312-4756 + 1-6876480 + 0-00079450® 

Tnm. 

n — I - 0-0048 - 0-0000840 - 0 - 00041290 ® 

in — I = - 0-0012 + 0-0002160 — 0 - 00042480 ® 

For Kroonstad and Houts Eiver, 

mm. 

r 1.146812-8674 + 1-5882780 + 0-00097780® 

S = n. 146312-3440 + 1-5883920 + 0-00081550® 

L HI. 146312-3407 + 1-5876480 + 0-00079450® 

mm. 

n — I = - 0-0234 + 0-0001140 — 0-00016180® 

ni — I = — 0-0267 — 0-0006300 — 0-00018280® 

83. The following table exhibits the discordances in S between new and 
old results:— 


■ 

Base. 

Mean Tempero- 
tiire of m's 
during 

Measurement. 

0 

H-I. 

m-r. 

Microns. 

Milliooths 
of Length. 

Microns. 

MilliouUm 
of LongtL 

Belfast. 

Ottodioop .. “ .. 

Wepener 

Kroonstad 

Hodts Eiver 

1 1 

•0. 

14-0 

22-8 

26-8 

25-0 

17*8 

0 

-9-0 

-0-2 

+8-8 

+2’0 

-6-7 

-87 
- 8 
-11 
-24 
-29 

0-260 

0-034 

0-073 

0-164 

0-200 

-87 
- 1 
- 7 
-29 
-29 

0-260 

0-007 

0-012 

0-200 

0-200 
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FOBMULiB AKD METHODS OF COMPDTATIOir. 

34. Approximate formulae of spherical trigonometry (see generally 
“ Geodesy,” by Colonel A R. Clarke, C.B.)— 

A. In the right-angled triangle _ 

ABC, in which A is the right an^e, 
suppose the case of c being small, in 
which case C and 90' — B are small, 
we have— 

tan C 1 


tan c sin & ’ 

put k = -ri-r, and expand the tan- 
^ sm 0 ^ 

gents. 



Then, 


0 + iC3 + i?tC* + .... =A(c-HicS + t»fc6-h....). 


Let 


then 


C = 

C = he + (i*® + 0 c® + (Aifc® + m + m)c^=kc-\-\h^ + ^kc\ 
from which, by the method of indeterminate coefficients. 

Replacing the value of k, and bearing in mind that 
sin (6 -f- ®) = sin 6 (1 4" ® cot 6), 
when the square of a? is neglected, we find, omitting terms in c®, 

C =-. 


sin (Z> -h ■aC® cot &)' 

B. Put 90' — B = V, then 

sin V = sin C . cos &, 

V-iV8-l-TkV®-... = cos &{C-iC®-f-TkC® 

put jb = cos 6, and let V = AC — ZC® + wC®. 

Then, neglecting terms in C®, 

V = AC-iA{l-A»)C®, 

= C . cos & (1—i sin® 6C®), 

putting for C* its value 

c* 


sin® (6 -4- i-c®. cot 6) ’ 

we get 

V = C . cos 6 {1 - i(l - iC®. cot®6)c®} 
or, neglecting terms in c®, 

V = C.coe(6 + ic?».cot6) 

M 8 


(14181) 
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0. Again, a exceeds 5 by a small quantity, x say, then 
cos (6 + = cos 6 . cos c, 

cos X — tan h . sin aj = cos c. 


1 - - a? tan & + ... = 1 - ^ ..., 

put for jc* its approximate value (^-o®. cot 6)®,-then 

aj't= i-c®. cot & — ^ 0 * cot 6 (1 + 3 cot*'6) = i;. 

D. The solution of the triangle then is this — 

a — h Tj ■> 

^ ” sin (& +1^) ^ I- 

90“ - B = 0 . cos (& + ii,) ^ 

B. In the case in 'which s, the side opposite 0, is small, but A not a risht 
angle, let BB' = c be the 
p^endicular on OA, and 
ON = OB; then the spheri¬ 
cal excess of the triangle 
ABB' is 

e = i'/f®. sin A. cos A. 


j. And by Legendre's ^ 
theorem, see paraCTaph 86, 
in the right angled triangle 
AB'B— ® ® 




e 

l' A' 


where 


r/g. 2 

Angle ABB' = 90“ —■ A -f e, 

BB'=:o = s. sin(A-ie), 

B'A = 8 COB (A — -Je). 

G. Put 1/ = OB', then, 

® a \ I)» 

sm(&'-|-|i 7 ) ' 

^ 8 . sin (A — -j-e) 
sin (y + f 17) * 

H. B = 90‘-V +ABB' 

= 180“ - {A H-C . cos ( 6 '- 1 -^) - e}. 

I. And the solution of the triangle is 

a = 6 — 8 cos (A — ^e) -f- 

0 -. g‘Sin(A--jbe) 
sm(a —tiy) ’ 

B = 180“ — {A -|- 0. cos (a — fiy) — e}, 

■>7 ~ ■Js®. sin A. cot 6 ' {1 -)- - 3 ^ 8 ®. sin® A (1 -f- 3 cot S')}, 
e = ^ 8 *. sin A. cos A, 


n. 
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FormultB I and II are the fundamental formulae for the calculation of 
spheroidal co-ordinates and bearings, of latitudes, longitudes, and azimuths, 
and for the transformation from one system to the other. 

85. Radii of Qurvatxvre omd Triangles on die Earth’s Surface. —^The 

S rinoipal radii of om’vatnre are in the direction of the meridian and pei^en- 
icular to the same; denoting these by and K«, respectively, we have 
with Clarke’s elements (“Geodesy,” p. 321) in latitude 

(in feet) = 20890564 - 106960 cos 2(j> -f- 228 cos 
R, (in feet) = 20961932 — 35775 cos 2<^ + 46 cos 4f 

The radius of curvature for an arc of the meridian is the radius for the 
centre of the arc, ie., for i(^ + ^') where (ft and «f>' are the latitudes of the 
extremities of the ara The radius for an arc perpendicular to the meridian 
is the radius for the latitude of the foot of the p eipe ndicular. For small arcs 
inclined to the meridian a mean radius (R = a/RmHm) is used. 

To facilitate the computations, the logarithms of the following q^uantities 
were tabulated; they are given in Tables Q and R at the end of this 
volume— 

M = (R* sin 1")-’, N = (B^ sin 1")"^ 

/Log M = 7-994477820 + -002223606 cos 2«^ — -000001897 cos 4<^\ 

\Log N = 7-992994150 + -000741202 cos 2^^ - -000000632 cos 4.<f,l 

“ Geodesy,” p. 322 


E = . N. sin I" = (2R» sin I")"!, 

;[! = E. sin 1" = (2R*)-i, 

p ^ l±^L± (log = 4-28l), 

H = I • ^ cot sin I", 

J = E. sec* <f >. sin 1" — F, 

P = (G + H), 

C = ^. sin* <^. cos ijt. sin® 1", 


36. Spheroidal Triangles and Spherical Excess. —Spheroidal triangles 
are calculated as spherical triangles by Legendre’s theorem, the sphencal 
excess being obtained from the formula 

e” = 2 X Area of triangle (in square feet) X E, 

where E is taken for the mean latitude of the triangle. 

37. Rectangulm' Spheroidal Oo-ordmates :— 

A. The X-axis of co-ordinates is a meridian, and the T-axis is a great 
circle, through the origin, perpendicular to the X-axis. Thus the prolongations 
of the ordinates o^oints intersect in the two points on the equator which are 
the poles of the Xl-axis. Bearings or angles of direction are measured from 
small circles parallel to the X-axis, through 860° from south through west. 
Thus positive values of T and X increase towards the west and south, 
respectively. 

(14181) M 4 
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In Fig. 3 XX' is the X-axis, 0 the origm, C the pole. The co-ordinates 
of A are co-ordinates of B are Yb = BPa, Xb = OPg. 



The bearing A to B (/8) is the angle S'AB, the bearing B to A (/Q^) is the 
angle S"BA. 


B. Calculation of co-ordinates :— 

Given the co-ordinates (Y^, Xa) of a point A, the distance (.*») and the 
bearing ( 0 ) of a point B, to find the co-ordinates (Yb, Xb) of B, and the bearing 
(j8i) of A at B. , 

The arcs Ya, Yb, (Xb — Xa) are invariably small in comparison with the 
quadrants. 


0 . In Formula II put C = Xb — Xa, 6 s= 90“ — Ya, a = 90“ — Yn, 
A = /8 - 90“, B = 90“ — 0 . 

Then 

Yb = Ya -f 5 . sin (/8 •+■ fe) -f (From the 1st of Formula II), 
e = . sin . COB 

ss cos® 0 . tan (Yb + 1 ?) = ^-a® cos® 0 . Yb with sufficient accuracy. 
Yb = Y,*; -1- a. sin )8 (1 -f ^a* cos®^) — ^a®. cos® 0 . Yb. 

In the last term on the right hand side put for Yb its approximate value 

Ya + a . sin 

Then 

Yb = Ya + a . sin ^ ~ .Ja®. sin ^. cos® -f ia®. cos® ;8 . Ya. 

Let 

a . sin 0 is n, a . cos 0 s=m. 

Then 

= Ya -f n -1- ^m®. Ya — . m®. 


D. From the 2p.d of Formulae II:— 


Xb~Xa— 


a. cos 




cos (Y,-l-^) 

=a. COB 0 (1—J a.® sm®)8) (I-H^Yb®) very nearly 
m Yb®—^ mn®. 
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B. From the 3rd of Formulse II:— 

180°~(Xb—Xa) ein (Yi+fi7)4-<J, 
=^—180 ®—(Xb—Xa) (Ya+w)H-c, 
=^8—180°—(Xb—Xa) Yj^—^.n.m. 


V. Therefore, on the earth’s surface:— 
Tb=Ya+ «+Am*YA— 
Xb=Xa+wi+A«i Y*b— 

Pi-P±180 sin 1" 

where 5. sin 

m— S.CO& P, 

1 


h= 


kmn 
'sin 1"’ 


W 


III. 


88. CoTnputaUon of latitudes, longitudes and azimuths :— 

A. Given the latitude (6) and the longitude (L) of A, the distance 
AB (in feet)=8, and the azunuth (a)^ of B at A, to find the latitude {<f>) 
and the longitude (L') of B and the azimuth («') of A at B. 


In Fig. 2— 


CA=6=90°— 

CB=a=90°— 


A—a 


B=360°—«' 


AB=a 

B. Substituting these values in Formulse 11, putting for the latitude 
of B', the foot of the perpendicular, dividing the arcs by their radii, and 
converting into seconds, we get:— 

e^ssE. s®. sin a . cos a, 

>j"s=e. tan a. tan 

The second term in rj may be neglected. , 

— ^)" = M.«. cos (a — I e) — ly, ^ 

(L' — L)" = N. s. sin (a — -J- e) sec (^ + -J tj), 

(a' — a)" = ± 180° + (L' — L) sin (^ + •§• ij) — e, ^ 

To get the latitude of (the foot of the perpendicular) a preliminary 
computation must be made of (<Ai“ 4)" = M. s. cos a. 

The azimuths are taken from south by west from 0° to 860°, thus 
south latitudes and west longitudes are positive. 
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89a. To transfoi'm rectangular spheroidal co-ordinates a/nd hearings into 
latitude, longitude and azimuih :— 


A. In Fig. 4 let 0 be the origin of co-ordinates, C 
the elevated pole of the earth, BB' a perpendicular on 
00 from B, ON = OB. 

Then the co-ordinates of B are— 

T = BB', X = OB'. 

Denote the latitude and longitude of the origin by 
ij)Q and Lo; the latitude and longitude of B by and L ; 
the latitude of B' by i,; the difference of longitude 
(L-Lo=0) by X. 

Then 

= 90° ~ OB' = + a:, 

90-ON = <jii -NB'. 

B. In Formulro I, put 90° — ^ for a, 90 — <f>i for h, 
Y for 0 and X for 0; 



Then 


Fi^. 4 -. 


^ = NB' = ^ Y* tan Y* tan (1 -b 3 tan® <^i), 


^ cos (<^1 - ^ »?)’ 

and (since azimuth = bearing at B') at B, a — = X . sin {<f>i — ^ 17 ). 


0 . Thus, in seconds;— 

(^1 - u =m 

- ^j)" = - 7 , = - Y» E . tan (1 - Y® F), 

(L-i,y' = x=-^(i-G.,). 

(a — /Q)" = X . sin (1 — H . 17 ), 

= YN . tan (1 — P 17 ), 
where 17 " = Y® E . ton 


n. If the difference of latitude is large the arc may be divided into n 
sections (cci ■+• ^ -l-aJs + . • . + *» = X) and M taken for the mid-latitude of 
each section. The origin of co-ordinates, in this survey, is always on the 25th 

g iraUel; and a table was formed of the distances X for every minute of 
ritude. These distances were computed frrom Olarke’s formula— 

1° lat. (in feet) = 364609-12 — 1866-72 cos 2 ^ -b 8-98 cos 4 ^ 

(“ Geodesy,” p. 322). 

The distances from the 26th parallel are given for every 5 ' of latitude 
between 21 ° and 83**, in Table S at the end of this volume. 


Example— 


X = -I- 2669543-9 


X for 32“ 20 ' (from Table S) -f 2666419-6 

a? = -H 3124-3 ; 
Then 32“ 20 ' -j-« M. 
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396 . To trcmsform, latitvde, longitude and azimuth into ^heroidal 
co-ordinates and bearings :— 

A. In the triangle BB'C (Fig. 4 ) right-angled at B', BB'=T, OB = 90 ° 
— <l>, and C = X, 


or approximately 


sin T = cos . sin X; 


X» 


• T = X. cos ^ sin* ^ . cos 

B. This is a very dose approximation to T, and is always sufficient for 
the computation of 17. We have then from the formulae Y:— 

17 = Y* B tan (1 - y* F), 

= Y* E tan (1 + Y* E . sec* . sin 1" - Y» F), 

= Y® E tan (1 + JY*), 


V _ iklLii 
M 

^ X . cos _ X 

JL — -a-r 7S \ “ 


A • UOB A j / * I V 

N (1 - G17) “• IT • ^ 


c. Collecting these formulae :• 


T = -^ cos ^ — X* C . . . 1st (very close) approximation, 
17 = Y® E . tan ^ (1 + J Y®), 

^ ^ + 17, 

Y- Anio, 

-a.— » 

a — is given by the 4 th and 5 th Formulae of Y. 


^ YI. 
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40. Examples of Tramformadon of Co-ordinates. 


Luis., Longs., omd Azimuths from Co-oi'dinates. 


STATION, Paardekop 11. <^, = 25“ Lo=-26‘. No. 


Y - 716682-6 

LogT 6-8646597 

X 

ra 

. , +662402-4 

2G 38 + 663343-76 

Bearing to Obsoi-ratory llill (J’burg.) 

p i n 

Logs 2-9787611 


X — 

941-36 

= 

= 104-4.7 27 

•90. 

Log M 7-9958184 

Log Y» 
Log E 

L. tan 01 

1-7093194 

O-37380 
g-G98G337 

Log Y 

T XT 

6-864G.697 I 

Ft . rtfio i ktftK 

Loff T N 
L. tan 01 

3-8480992 

9-0980367 

0-9G96646 

L. Soo. 01 0-0483882 

Ij<lg 7i 

Log M 

Log P 

Log7j5 

3- 6407349 
1-7817 

4- 0833 

0-0117 

Nat No. 9-828 

Log 3 
LogY* 
Log P 

1-7817561 

1-709 

4-634 

liOgXi 
Log q 
IjOg (f 

3- 8904874 
1-78176 

4- 20672 

0 , = 2S 82 60'-677 

L Sin 01 9-6602474 

L. Cos 01 9-961G118 

L tan 01 9-G98G357 ' 

Log 3 ' 

8-026 

- 00-600 
+ -on 

Log X, 

9-88300 

-7879-290 
+ -766 

7i 

7a 

-3621-669 
+ 1-028 



- 00-489 

k 

-7878-631 

7 

-3.620.681 

0 = 20 s'l J50 j'i88 


li =8 — 28 I'l 18-631 

a=i(la 

4*8 4'f-37 


Co-ordinates from Lais, and Longs. 

STATION, Paardokop H. = — 2G®. 


No. 


o t n 


0 26 81 50-188 

L - 28 11 18-581 

X - 2 11 18-681 

X - 7878-681 

LogfY]* 1-7098194 

Log E 0-878796 

L.tau0 9-0983170 

Log(n 1-7814814 

Log m* 1-7098 

LogJ 6-0408 

LogX - 8-8964452 

L. Cos 0 9 . 95 I 6754 

8-8481206 
LogN 7-9984898 

Log (2) 8-6816 

Nat No. m + 60-4649 
» •> (2)+ -0840 

Loga) 6-8646808 

Log XB 1-6898 

Logo 9-8508 

Log (2) 1-6401 

Nat. No.(l)-716617-2 
„ „ (25- 84-7 

3 = + 00-4889 

0 26 81 60-188 

0'26 32 60-677 

[Y] = -716682-6 


Log [Y] 6-8646697 


Log X 

L. OOB 0' 

- 3-8064462 
9-9.610118 

LogN 

3-8480670 

7-9984396 


6-8646176 

1-78176 

4-20672 

Log (2) 
Nat Na (1) 

« » b) 

1-84209 
1-716618-0 
>- 09-6 

Y = 

-716682^) 


Log Y 

- 6-8640697 

LogN 

7-0034396 

L. tan0' 

9-0980867 

Log (1) 

3-6407840 

Log 3 

1-7817 

LogP 

4-0833 

Log (2) 

Nat No. (1) 

0-0117 
- 3521-569 

w » (2) 

+ 1-027 

a — ^ 

- 362(r^ 


I II 

a: = i 60-077 
Log e 2-2321750 

Log M 7-9968186 

4-2SG8614 
NaL No. 4- 17288-02 

O t 

Xfor2G 30 &461G0-46 


X = + 662402-47 
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41. Adjustment of Banes and Circuits .—^The general method of treatment 
for the closure of bases and of circuits is fully exhibited in Yol. TI of the 
Report of the G.T. SuiTsy of India. The method adopted in the present 
Survey differs from that of the Indian Survey in that, whereas, in the latter 
the errora in closure are expressed in differences of latitudes, longitudes, and 
azimuths—and consequently the factors employed in the adjustment depend 
on the differentials of these co-ordinates and angles—in the former the errors 
are expressed in differences of rectangular ^heroidal co-ordinates and 
bearings, and the factors in terms of their dirorentiala. Where possible, 
the description of the method (word for word, or with such modifications as 
are necessary) and the notation of the Indian G.T.S. Report are used in the 
present discussion. 


42. The circuits having been computed with corrected values of the 
observed angles, which satisfy the geometrical conditions of each figure 
contained in the original compound chain of triangles, the simple chains 
ore formed of single triangles by selection from the figures. Let x, and z 
now represent the residual errors of the figuraUy corrected angles X, Y, Z, the 
most probable values of which have to be determined in such a manner as to 
satisfy the circuit conditions, without disturbing the geometiical conditions 
of the triangles; let, in general, x appertain to a flank angle, and y and z to 
angles of continuation. Base errors are functions of the residual errors of the 
angles of continuation; % and bearing errors are functions of the residual 
errors of the flank angles as well as of the angles of continuation; therefore, 
whenever an x occurs it is eliminated by subrtituting “ (y + 2 ) for it. (In 
order to distinguish the X’s and Y’s of angles from those of co-ordinates, the 
foimer are printed in Roman, and the latter in Old English capitals.) 


48. The Base Eq^ions .—The base equations are of the ordinary form 
of side equation. If we put R* for the ratio of the second 
base to the first, then the value of the ratio which is given 
by the triangulation, through a chain of m triangles, is 

K _ sin Y^. sin Ya.... sin Y* 
sm . sm _sin Zm 

Differentiating, and putting 

diY — y, dZ = z, cot Y — cot Z = y, 

we have 

dRjt = R^ {^1^1 ••••■!“ fimym ~ ywP^m\ 8Ul 1^^, 


or 


(^ 1^1 + • • • + — {yyH + • • • + 


(JRgi __ -g. 



In the adjustment of this survey the bases were closed on each other 
through each circuit completely; this is clearly equivalent to the closure in 
length of a line upon itself in each ch'cuit. 

44 . The Geodetic Equations .—^The equations remaining to be considered 
are for the closures in g, X, and bearing. The formul® 'which are used in 
calculating the differences of ^ and 3£, and the reverse bearing of any two 
stations, whose distance and forward bearing are known, are givm by 
Formulse III, paragraph 37. We have now to express the variations in any 
summations of A®’s or of A3£’s from the first to the last station of a ch^ 
of triangles, and m the bearing of a side at the last station, which will arise 
from small changes in the angles. In differentiating the Formulse HI with 
respect to s and A, the first Wms only, of the first and second equations, 
need be regarded; for- the quantities represented by the other terms are 
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always small, and their differentials are very minute fractions of these small 
quantities. Thus we have— 

of A|| — dn — dK. vn. sin 1" + dn. sin A' 

d AJ = dm = cZA. n . sin 1" + cZs • cos A >IV, 

tZAA = 0 

where A is written for in order to distinguish between bearing and cot Y. 

following paragraph.) 

^ 45. In the diagram, Fig. 6, let 1 be the origin of a chain of n triangles 
closing a circuit; let 1, 2 .... m be stations 
on the line of ti’avei’se—^indicated by the 
dotted line running parallel to the sides 
on one flank of the chain—which connects 
1 with any station in advance. Let Ir 
be the initial and closing line for bearing. 

Considering this line a base the side 
opposite the angle T, in triangle 1 is 
the line of continuation, and this side in 
tm'n becomes the base for triangle 2, and 
so on. Suppose that, os in the diagi'om, 
the traverse line is choseu so that a positive ^ 
ooi'reotion to an angle on the line of traverse 
gives a positive increase to the bearing of ^ 

the side in the traverse. In any, the 
triangle put 

cot Xi = ttki cot Yi = cot Z* = .(i) 

For any side in the line of traverse Imtweeu the stations t and 1 put 

ff = «/, m sin 1" =5 'pi, H . sin. !'' = <//.(ii) 

and let the smnmations of the and (/a from the closing station 1 (in 
reverse order to the direction of the traverse) to the station t, bo V/ and (^, 
respectively. That is, let 

(l>m +i3«-i +-+ P/+J +!>/) = 1^.(iii) 

(<?» + tfn-i + ••••+ 2/+1 + <7/) = 0/.(iv) 

We nmy now consider the effects of changes in the angles, on the l)eivring 
of the closing line, and on the co-ordinates of the closing station, when caw’ied 
through the triangulatiou. 

46, JEffect ojohm^es in tlie Angles on tJie. Final lieming .—It will readily 

be seen that changes iu the angles on the lino of traverse have thoir full oifect 
on the final beanng of the closing line (this indeed is shown by the third 

of Formulas Yl).^ Thus when Y, or Z, is on tho line of bravorse, the effect 

on the closiug line is — y or — * (remembering that y and z are tho ot’-nm 
m Y and Z); when X is on the line of traverse the effect is + (w + z). 
Therefore the total effect of all the changes in the angles is 

+ Zj — J/g — Zj + .,.. -j- 

If then the error of cLosure in bearing is El, the equation in A is 

i (yi + *i) ± (y* “b Zg) db • • • • ± (yii + ^'x) = Ea, • . . . (v) 

That is, the coefficients of y and z are always ± 1 in the bearing equations. 

47. F^eot of changes %n hearing on the |[ cwwZ % of tlie closing station .— 
At any station t the change in the bearing or the side i to < -+■ 1 is the cliange 
in < to f — 1 plus the sum of the corrections to the angles at t. Put 

[jyz]i for the sum of the errors of the angles at 1 
[y*]< for the sum of the errors of the angles at t 


(Vi) 


Now^e effe^ of the ooTreeZiorw — [yz]j is carried through all the sides of 
the traverse fiipm station 1, i.e. through X to 2, 2 to 3 .... m to X. And 
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““ affects all the sides between t and the closing station. The total 
OTeots of the changes in the angles, on the closing station are therefore (see 
Formul® YT and (n), (iii), (iv), and (vi)), on 

2*+i.... — {[y2]i (j?i + ^>8 +-+ |>*]8 (i»8 +-+!?»)+- 

+ W {pi + -+i>«) +-+ [y»\m (jj*)}- 


= -{0]iPi + .... + [>]»P4.(vii) 

Similarly the effect on is 

+ {MiQi+-+M«.Qw}- .•.(viii) 


48. _ Eject oj changes in the sides of the line of trceoerse on the |@[ and % of 
the closing station. — x. The effects of any change in a line of continuation 
are carried through the chain, from the station at the end of the line, to the 
closing station. Thus if any, the triangle has no side in the line of 
traverse, but only an angle at the station f, and we put s, for the side 
of continuation in the triangle k, we have (when Z is opposite the base 
and Y opposite the side of continuation) 

~ = (*^7* — yA) sin 1", 

and the effect on a side Si in any following triangle is, 

dst = Si (ziYi — yA) sill l"i 

therefore the effects of changes in the angles of k, on the closing station, are 
(see Formul® VI and (i) to (iv)), on 

S»«+i — sin A/ + Si+j .sin + .... + s,, sin A«) — yA) sin 1", 

that is, since 

.«f/ sin A< = w/, % sin 1" = qt and (f/< +_+ </„) = Q,, 


the effect on is 

- yA) Q<.(ix) 

Similarly the effect on 3£»»+i is 

(**71 —yA)Pi.(x) 


B. If the triangle k has a side in the line of traverse, between the 
stations t and ^ have 

d 8 

~ (** 7 * “ sin I" = {zt (ajt + -|- gtat} sin 1'', 

and 

”= (2*7* — y^t) sin 1". 

8 ff 


are 


Therefore the effects of changes in the angles of k, on the dosing station. 


On ^ 11+1 


{zi,(ag, -|- 7 i.) + { 0 ^ — Q/+i} "I 

+ {2*7* — yA} Q/+1 J 


On X .,1 


f { 2 * (a* + 7 *) -|- y*®*} {P/ — P<+i} 

L“i" {*®t7* — yA} P/+1 


(xii) 


49. The Equations in rmd %. —^a. Putting Ej for the error of dosure 
in ||m+i at the final station, [ix] for the effects on due to changes in the 
an^es of triangles which have no side in the line of traverse (i.eT, for the 
sum of the effects represented by (ix)), and [xi] for the sum of the effects 
represented by (xi), the equation m ^ is 


~ {[FliPi + ■••• + [y2]- P4 + [i^] + [xi] = E j , , , (xiii) 
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B. Putting Ej for the error of closure in 3£«»+] at the final station, [x] for 
the sum of the effects represented hy (x), [xii] for the sum of the efi'ects 
represented hy (xii), the equation in is 

+W-Q«} + [x] + [xii] = Es . . . (xiv) 

50. The Values of the OoeffiderOa of y and z. — a. In order to find the 
coefficients of the fe and *’s in any, the triangle we may proceed thus:— 

Coefficients of y and a: in the || equation (Z being opposite tlie base 
and Y opposite the line of continuation), when the triangle k has no side 
in the line of traverse hut only an angle at the station t — 


Coefficient of yt. 

+ Pi...(iDbeing =—y — r> . . £com(vii) 

-B*Qi.(ii) 

Coefficient of 

+ Pi (»being =—y — «)‘. . . from(vii) 

+ r/JiQi .(ti) 

Ooeffloient of y* = + — B*Q^ 

Coefficient of «* = + P* + 7iQ« 


When the triangle k has a side in the line of traverse between the stations 
t and t+1— 


Ooeffioieut of yt. 


OoefBdent of tt. 


-Pt 


from (viii) 


— P<+i 


from (viii) 


+ —Q<+i) 


(a* +7i) (0/ — Q<+j)'l 

+ lAi+i J 


» (a) 


OoeB. of yt = — Pi + at(Qi — Qi+i) — /5»Q(+i 


OoeiF. of rt = — Pt+i + a* (Q< — Q<+i) + 


The values of the coefficients of the fs and a^s in the % equation noay 
he found in the same way. "When T is opposite the base and Z opposite 
the line of continuation, the coefficients may be found irom the above by 
interchanging y and 2 , and j8 and The general rules for the symbolical 
expression ofthe values of the coefficients, are these. 

• 

B. When Z is opposite the base and Y opposite the line of continuation. 

If the triangle has a side in the line of traverse between the stations 
i and t +1— 


In the H equation. 


In the equation. 


Ooeff. of yt = — Pi — (Qi+i — Qi) «» — Ooeff. of y* = Qi — (Pi+j — Pi)a* — Pi^j/J* 

Ooeff. of r* = — — (Qi+i — Qi) «* + Qi<ifi Coeff. of r* = Qi+j — (Pi+i — Pt)at + Pi<yi 


If the triangle has no side in the line ot traverse hut only an angle X 
at the station t — 


In tbe g eqnatioD. 
Obeffioient of y* = Pi — Qija* 
Coefficient of Qi>yi 


In the $ equation. 
Coefficient of yi = — Qi — PfjSt 
Coefficient of = — (^ .f. p^j 
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a. Wheu Y is opposite the base and Z is opposite the line of continuation. 
If the triangle has a side in the line of traverse between the stations 
t and i +1— 


In the H equation. 


In the I equation. 


OoefF. oiyt — — Pi+i — (Q /+1 — Q<) a* + Q<^* 


OoeCT. of y* = — P/)«t + P</9* 


Ooeff. of r* = — P< — (Q /+1 — Q{) a* — Q<+i 7 * 


Ooeff. of n = Q^ — (P<^j — Pt) Kt — Pt+i7* 


If the triangle has no side in the line of traverse but only an angle X 
at the station t — 


In the g equation. 
OoeflSoient of yt = ?< + Qiftt 
OoelEoient of ei=iPt — (ityt 


In the equation. 
OoofHoiont of y* = — Q/ + Ptpt 
OoelTicient of s= — — P<7i 


D. Should X be opposite the base or opposite the line of continuation, the 
coefficients may be either specially investigated, or derived from the general 
rules by cydical interchange of sjrmbols and stibstitution of — (y + z) for x. 

B. In the adjustment of the circuits of this survey the eoirectiom to the 
angles were equated to the bbiTections for closure; the signs of the coefficients 
are therefore opposite to those given by the above riiles. 

51. The base equations, and the equations in 3f, and bearing for each 
circuit, having been fonned in the manner described, the normal equations 
are formed and solved, and the corrections to the angles obtained in the 
usual way. 

52. It is not essential that the origin of co-ordinates should be the RamH 
for aU circuits, because the conditions of the circuits have to be satisfied 
simultaneously whatever the origins may he; nor is it desirable (in an 
extensive survey) for the reason that the ^’s shoxild be kept as small as 
possible. The ideal position of the oiigin ot a oirmxit is the centre of Iho 
circuit. In the adjustment of this Suivey two origins were chosen, ono on 
the 2Cth and the other on the 29th mendiau, and both on the 25th parallel— 
the difficulty of dealing with large IPs being overcome by the expedient 
described in paragraph 3 On. As in no case was any station so much as 
3“ in ^ from its origin, the Formulae III and "VI are sufficiently accirrate 
for this adjustment; they may, however, be develojied to any required degree 
of accuracy, but, beyond certain limits of ^ this method of adjustment 
becomes too laborious. Approximations (suffix ently^olose to give a sensibly 
oopect value of .the small terms in Formulae III and v I) to the position of the 
initial station and to the bearing of the initial line, are aU that are necessary. 

53. Formula for computing the star correction for the mean of a pair of 
latitude stars:— 

a. It is understood that the following formula for the star correction in 
declination to the mean of a pair of stars (observed for latitude W 
Talcott’s method) was first given in one of the reports of the U.S. 
Coast and Geodetic Survey. As, however, this work was not available 
for reference, the formula was re-investigated for this survey. 

h. Let 8 ] denote the mean declination and the mean E.. A. (in arc) of 
the 1 st stai', and let S 3 denote the mean declination and 03 the mean 
E.A. (in arc) of the 2 nd star. 

Using the Nautical Almanac Formula and “ Quantities for Correcting the 
Places of Stars,” we have 

App Dec. of 1 st star=Si+» • 00 s S^-l-S'. cos (G4-“i)+^ • oos (H+ai) sin Sj, 

App. Dec. of 2 nd Btai‘= 83 +t. cosSj-j-i/. cos ( 0 + 03 )+^* • cos (H+Og) sin 8 g. 

(14181) N 
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Put tf> for the latitude of the place of observation, 

^ + 35 for i (8i + Sj), 
z for i (8i - Sj), 

Oq for i (aj + oj), 
y for Oq — = Oj, — Ofl, 

then the mean apparent declination of the pair is 
4(8i + 8,) + i .cos^.cosz4-fl'.oos(Q + <*o)oosy 

-{•h. COB (H+oo) sin . cos'*. cos y -{-h . sin (H+ a,,) cos ^. sin z. sin y 
-{- 3 smaJl terms. 

The 3 smaU terms are 

— i. sin ^ . cos z . sin .t. . . . . (a) 

+ /i. cos (H + «(,) cos z, cos y . cos ^ . sin as .... (b) 

—• A . sin (H + “o) • BUI y • sin ^ . sbi as . . . . (<i) 

The mnximxun values of the neglected terms (for the limits of latitude of the 
Transv^l and Orange Piver Cofonies) are less than 0-"010, 0'"040 and 0’"005 
respectively. 

If y is smaU and expressed in minutes of arc we may put 
COB y =s 1, sin y = y . sin 1', 
then the formula for the mean star conection is 
i . cos ^ . cos z + y • cos (G + “o) “I" • cos (H + ot^) sin <f ). cos z 

+ h . sin (H + ttp) cos (^. sin z. y. sin 1'. 
Putting h for cot ^ . ton 9-^ this becomes 

t. COB . cos z+y. COB (G+fto) + A. co.s{II — y)} sin ^. cos </►. 


W. B. BOBINSON. 
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APPENDIX TO Mb. W. B. ROBINSON’S REPORT. 

Disoussion of thb GBODBTia PosmoN OF Mb. Mblvill’b Astbonomical 
Station at Jobannbsburg, and thr oonnhotion bbtwbbn tetb 
Rand System of Sdbveys and the Geodetic System, 

In 1892, Mr. E. H. V. MelviU determined the astronondcnl latitude and 
longitude of one of his stations in the Goldfields Survey. This station was 
on stand No. 17, Noord Street, upon which ore now some offices of the 
O.S.A. Railway. 

The instrument employed was a 10-inch Repsold of the type described in 
VoL I. of “ The Geodetic Survey of South Afiica." Latitude was detennined 
hy the Talcott method, 46 observations being made of 15 pairs of stars. 
Longitude was determined hy the telegraphic method, signals being exchanged 
with the Royal Observatory, Cape of Good Hope, and the personal equation of 
the observers subsequently determined. 

The astronomical station was connected by triangulation with the 
principal stations of the Goldfields (or Rand) Survey. 

After the completion of the primary triangulation of the Transvaal and 
Orange River Colony, a secondary triangulation was made between two of 
the stations of the geodetic circuit and two of the stations of the Rand 
Survey. The observer was Captain H. W. Gordon, R.E., and the instrument 
a 6-inch transit theodolite, fitted with micrometers, by Troughton and Simms. 
One of the geodetic stations (Observatory Hill) is also an astronomical station, 
where^ astronomical latitude and azimuth were detennined in 1904 by the 
Superintendent of the Trigonometrical Survey. 

This triangulation and the triangles of the Rand Ewstem made a complete 
connection between the Geodetic system and Mr. Melvill’s station, and thus, 
incidentally, the whole of the Rand system. 

List of Data. 

FoUowinff the diagram of triangulation and names of stations, the data 
are given in this order:— 

1. The geodetic latitudes, longitudes, and mutual azimuths of the two 

stations in the geodetic circuit, together with the logaiithm of the 
distance between them in English feet. 

2. Captain Gordon’s ohseived angles in each triangle, and, for convenience 

of reference, the seconds of the finally corrected angles. 

8. The co-ordinates of stations on the Rand system, used in the con¬ 
nection but not occupied by Captain Gordon. 

4. Ohseived vertical angles. Height above mean sea-level of geodetic 
station. 

6. Height of bench mark on old Pretoria bridge, Johannesburg. 
Differences of height between bridge and the base of the Rand 
system. 


D 
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Names of Stations. 


O Johaimesbiirgl®^^^^ ^ geodetic circuit. 

W-.-Witkop. 

B ... Klipfontein. 

, Dnefontein. 

. G^mustou.. 


D ... Daspoort. 

F ... Klapper Kop. 

Z ...Zwartkop. 

I ...Irene. 

B ... Brakfontein. 

H... Olifantsfontein. 


A 

G 

S 

K 


.. Pj or K of Band ^stem. 

.. Klipriviersberg = of Band system. 


DATA. 


1. The GnoaitArHiOAii Oo-obdtnatiw o'p tuk Fixed Stations— 
Cable Hill and Obseuyatubv Hill. 


Latitude ... 25 


Cable mu. 

t n 

41 27'32G Longitude... 

Azimuth of Observatory HiU ... 


o I fi 

28 10 8-050 
9 33 34-55 


0 

Latitude... 26 11 


Observatory mil. 

fi 

I'575 Longitude 

Azimuth of Cable Hill 


o / 1/ 

28 4 86-899 
189 35 69-39 


The logarithm ot distance (English feet) Cable Hill—Obsei-vatory Hill 
is 5-2592622. 


2. OuHEllVED AnuLES. 





8ooa of 


APOi". 

coiTootiod 





ougle. 


0 

/ 

it 

II 

p . 

.. 81 

9 

22-88 

28-34 

D . 

.. 57 

5 

38-41 

38-89 

F . 

.. 41 

44 

57-52 

58-00 


AFZL 



F . 

.. 75 

28 

22-12 

22-96 

Z 

... 56 

1 

18-72 

19-57 

I 

... 48 

80 

16-86 

17-71 


AIHE. 



I 

... 52 

46 

43-31 

42-96 

H 

... 68 

11 

11-20 

10-84 

E 

... 64 

2 

6-74 

6-38 


AEWB. 


B 

... 62 

25 

5-61 

5-02 

W 

...75 

5 

43-22 

42-64 

B 

... 42 

29 

13-27 

12-69 


A AOB. 


A 

... 71 

20 

88-03 

88-76 

0 

... 51 

51 

51-32 

51-48 

B 

...'56 

47 

30-16 

30-34 



A OZP. 

•I / 

1 

II 

Soca. of 
uomuled 
oiiglo. 

II 

I) ... 

46 59 

24-15 

24-10 

Z ... 

75 

15 

51-L6 

61-13 

F ... 

57 44 

45-06 

45-03 

Z ... 

AZIE. 

47 24 

34-80 

34-02 

I ... 

61 

0 

47-81 

47-04 

B ... 

71 

34 

39-97 

39-20 

H ... 

AHE6. 

8.5 58 

59-46 

58-90 

B ... 

69 37 

15-82 

15-25 

B ... 

34 28 

46-70 

46-13 

W... 

AWAB. 

71 31 

4-80 

4-67 

A ... 

65 47 

0-46 

0-83 

B ... 

42 41 

64-47 

54'84 

G ... 

A GOB. 

99 29 

15-30 

16-88 

0 ... 

56 54 

25-78 

26-33 

B ... 

28 86 

18-37 

18-04 
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2. Obsbieved Angles— continued . 



A GAB. 


Secs, of 
corrected 
angles. 


Q 

/ 

n 

II 

G 

... 49 

1 

30-08 

30-43 

A 

... 50 

34 

41-84 

41-71 

B 

... 80 

23 

48-53 

48-32 


A KOG. 



K 

... 36 

22 

1-48 

2-99 

0 

... 89 

16 

25-74 

26-90 

G 

... 54 

21 

30-62 

30-28 


ASKO. 



S 

... 56 

57 

39-53 

40-23 

K 

... 70 

4 

22-41 

24-58 

0 

... 52 

57 

53-94 

55-40 


• 

A GOA. 


Sees, of 
oorreotod 
angles. 


0 

/ 

/I 

It 

G 

... 50 

27 

45-22 

45-45 

0 

... 108 

46 

17-10 

17-76 

A 

... 20 

45 

56-19 

57-04 


ASKG. 



S 

... 95 

57 

46-83 

46-39 

K 

... 33 

42 

20 93 

21-59 

G 

... 50 

19 

53-27 

52-17 


ASOQ. 



S 

... 39 

0 

7-30 

6-16 

0 

... 36 

18 

31 -80 

31-.50 

G 

... 104 

41 

23-89 

22*45 


3, Co-ordinates op Stations on Rand System. 


Cape Roods. 

Y X. 




u ^ ^ 

Astronomical station 


0-00 

- 137-44 

- 1448-01 

- 661-10 
+ 980-74 
+ 657-362 


0-00 

— 767-38 

— 522-90 

— 2798-37 

— 238-73 
4- 363-079 


The T axis is true north at a point 270 Cape 
co-ordinates are therefore 

Y. 


roods -west of Pj, its 
X, 



0-00 4- 270-00 


4. HEiaHT ABOVE Mean Sea Level or Obsbevatost Hill, and 
Observed Veettoal Angles. 

The height above mean sea level of Observatory Hill, computed through 
vertical angles from the mean sea level datum at Port Elizabeth, is 
5930-0 English feet. 


Vm'tical Ambles. 

ObseiTed by Captain Gordon. 11 


Obseired by Mr. Melvill. 



AtO. 



AtX. 



o 1 

II 


0 

1 

II 

G ... 

-0 12 

15 

0 ... 

-0 

8 

2-6 

K... 

-0 0 

47-6 

G... 

-0 

9 

62-6 

S ... 

-0 48 

66 

S ... 

-0 

61 

62-6 


AtG. 



AtS. 



O f 

II 


0 

1 

II 

0 ... 

+ 0 10 

0 

0 ... 

+ 0 

39 

86 

K ... 

+ 0 6 

7-6 

G... 

+ 0 

55 

20 

S ... 

-0 67 

46 

IS. • • * 

+ 0 

48 

47-6 



AtK. 




AtPi. 




0 

1 

It 


o 

1 

If 

S .. 

. -0 

62 

29 

Ek «• • 

+ 0 

67 

36 

Pi.. 

. -1 

0 

20 

Po • • • 

-0 

49 

52 

P... 

. -0 

8 

20 

P9--- 

+ 1 

26 

2 


AtS. 




AtP» 




o 

1 

II 


o 

» 

II 

K .. 

. +0 

48 

22 

. 

+ 0 

47 

22 

Po.. 

. +0 

36 

10 

p,... 

+ 1 

40 

9 
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5. HeIGHI op BbNOH Matir and DiPPEBBNOBS op HbIGHT BBSTW'flBN 
Bench Mabk and Base op the BiAND System. 

The height of the bench mark on the old Pretoria bridge in Johannesburg 
is 5700'0 English feet above mean sea level by geodetic levelling JB.’om the 
mean sea level datum at Delagoa Bay. Tbe road level of the bridge is 
15 feet higher. 

From the Mtmicipal Contour plan 

Pi is 96 English feet below roadway. 

Pj is 233 „ )i }) 

The data, other than those fiimished hj Captain Gordon’s observations, 
were supplied by Mr. E. H. V. Melvill and Mr. W. C. van der Sterr. 


Ebsults op Tbiangtilation. 


In order to obtain an approximation to the lengths and bearings of the 
lines, the figure was first treated as a plane and the plane co-ordinates of all 
points computed with an assumed length and direction lor the initial lino PD, 
the angles being simply corrected to sum to 180“ in each triangle. 

^e ratio of the length of the line OP, obtained from these co-ordinates, 
to its known length sumced for the computation of the spherical excesses of 
the triangles. 

The quadrilaterals were then adjusted by the method of Least squai-es, 
and the spheroidal (Cassini-Soldner) co-ordinates of all points computed; the 
intersection of the 28th meridian and 2 Gth panillel being token as origin. 

The result of this computation was sufficiently dose to permit of the 
final co-ordinates being computed diKerentially. 

Tlie angles necessoiy to continue the computation to other stations on 
the.Band Survey were derived from their co-ordinates on the Itand System 
(Data 3). 

The following are the final results for all stations considered in the 
discussion:— 

Spheroidal Co-ordinates. 


Origin : Latitude -f 26“, Longitude — 28“. 

-f- Latitude = South, -1- Longitude = West, 
-j- X = South, -j- T = West. 

T. X. 


Cable Hill . 

Ebglisli feet. 
- 55625-9 

Observatory Hill 

- 252-26-2 

Daspoort . 

- 31962-5 

KLapperKop. 

- 68997-1 

Zwarokop 

- 42682-2 

Irene. 

- 79380-7 

Brakfontein . 

- 54427-4 

Oli&ntsfontein 

- 79203-4 

Witkop . 

~ 25037-2 

Xlipfontein . 

Dnefontein . 

- 57277-0 

- 10542-0 

Genniston . 

- 48080-1 

S ... 

- 52952-6 

K... 

- 24749-5 

. 

- 18276*2 

. 

— 27785-5 

Astronomical Station... 

“ 18779-7 

„ Origm ... 

- 14930-1 


EngliBb feot. 

- 112298‘6'1 Fixed in the Geodetic 

66801‘4 j Triangulation. 

- 97884-3 

- 80028-1 

- 63549-4 

- 47191-9 

- 28438-3 

- 15784*2 

- 10833-1 
+ 20497-2 
+ 19288-8 
+ 67488-8 
+ 88890-8 
+ 98132-0 
+ 80184-7 
+ 81891-6 
+ 72036‘4 
+ 80188-4 
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doMPASlSOK OF GbODETIO AND AsTBONOMIOAL BsiStrLTS. 



At Observatory HUl, 



o 

t tl 


0 1 

II 

Geodetic Latitude.. .. 2G 

11 1*576 

Qeodetio Azimuth of Oable 





Hill . 

189 85 

59*89 

Astronomical Latitude .. 2G 

10 52*16 

Astronomical Azimuth of 




Oable Hill . 

0 0 

69*68 

G-A .. 

9" *42 

Q — A . . • • 

— 

0"'29 


At Mr. MelvilTs Astronomical Station. 


Transforming tho Splioroidal Oo-ordinates into latitade and longitude, we get— 

o / // ® 


n 


(sleodetio Latitude.. 26 11 53 *477 Qeodetio Longitude .. —28 2 81*27 

Astronomical Latitude .. 26 11 44*19 Astronomical Longitude —28 2 80*3 


(J-A .. .. +9''*29 


G-A .. 


-0"*97 


At tlie Astronomical Otnyin of the Rand System. 

At the Astronomical Origin, Bearings + 90' = Anunuths (in Band system)— 

o r u 

From Geodetic Oo>ordinates, Geodetic Ammulh of S = 282 9 88*04 

„ Bond Oo-ordinates, Asti'onomical Azimuth of S = 282 9 81*96 


G-A. +6''*0 


RbOiAtion of Rand System to GBODBncio System. 

The Base of the /iancZ System. 

From the co-ordinates of Pj^ and P, on the Rand system (Data 3), the 
measured length of the base is 

779*5908 Cape roods = 9063*808 English feet. 

For the height above mean sea level we have—^Height of Observatorv 
HiU, and vertical angles between 0 and the terminals of tlie base (Data 4), 
and Jbeight of bench mark and differences of height between B.M. and the 
terminals of the base (Data 5). 

The vertical angles give the following differences of height:— 


Captain Gordon. 

Mr. Melvill. 



English feet. 


English feet 

G-O . 

- 74*0 

S -K. 

- 437*7 

K-0. 

+ 10*3 

P,-K. 

- 327-3 

S -0. 

- 426*8 

Pj —K... 

- 11-0 

K-G. 

+ 84*1 

Po-S. 

+ 427-2 

S -G . 

- 353*8 

Pi-Po 

— 317-1 

S -K . 

- 436*9 

P,-P, 

- 452-8 



Pj-Pi 

- 186-7 

Combining these results, we get, from vertical angles — 


••• ••• 

... 5,613 English feet above M.S.L. 

Pg 

... 5,476 

3) 33 33 

33 

Data 5 give — 




Pi . 

... 5,619 English feet above M.S.L. 

Pg ... 

5,482 

33 33 33 

33 


For the purpose of reducing to mean sea level, the mean height of the 
Rand base may be taken = 5,545 English feet. 

(14181) N 4 
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For this height, in latitude 26" 13', the oorrection to reduce to mean sea 
level is — 2’5 6 6 EngHsh feet. 

The measured length reduced to mean sea level is, therefore, 9,661'242 
English feet.* 

The length computed from the geodetic line is 9,661'296 English feet. 
Thus the discoi'dauce between measured and computed lengths is only 
0*054 English feet, or, 1 in 179,000. 


The Orientation of the Rcmd System. 

From the co-ordinates of S on the Band system, the hearing of S at the 
origin Pj is 193" 17' 3L"63.' 

From the spheroidal co-ordinates of Pi and S (ori^n latitude 26, 
longitude - 28)— 

o I // 

Bearing of S at Pi. 283 18 50'12 

and a —/8 (Azimuth — Bearing) ... — 0 1 28'66 


.'. a = 283 17 21-46 

Thus (remembering that the systems differ 90" in azimuth) the error 
of orientation of the Band system is + 10"'17. 

Owing to the spherical excess being neglected, a small difference in the 
result will be obtained if the bearing of another station be compared with 
its geodetic azimuth. 


TEAlirSFOBlitA.T10N OF BaND Oo-OKDINATBS INTO GeOGBAPHIOAL O0-OBDTNATB8 

ON TBB GbODBTIO StSTBM. 


The transformation of Band co-ordinates into geodetic latitudes and 
longitudes can readily be effected. 

PuiH- 


X, for the co-ordinates, on the Band system, of station q. 

, for the co-ordinates of q corrected for errors of base and 
orientation. * 

S for the distance of q from the origin (Cape roods). 

B for the beai'ing of q from the origin. 

d log S for the coirection to the logarithm of S to reduce to mean sea 
level and the geodetic system. 
d B for the correction to the bearing for error of orientation, 
for the latitude, and L« for the longitude of the origin, 
for the latitude, and Lj for the longitude of q. 

B, for the radius of curvature of the meridian for mid-latitude <f>X 

B« for the radius of curvature of the perpendicular arc from q on the 
meridian of the origin. 

fL foT the modulus of the common system of logarithms. 


M = L-—. 

B«. sin 1" 


N = 


B.. sin 1 


// ’ 


E =_ L 

OTJ -D 




* This is the d^ved from the co-ordmates (given to tiie second place of 

of a Gape rood only). Mr. Van der Sterr supplies the following note;_ 

“Ifr. Mel^l us^ in his calculataons for the log: distance PiP. 2*8918678: this 
1^*^8000" “““ 9661*267 English feet, differing 

1 Gape rood = 12*896 English feet. 
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Then tke following formulie are sufficiently accurate for all stations on the 
Band Survey:— 

(Y,) = Y, + X,. rfB . sin 1" + Y,; 

H' 

(X,) = X,-Yj.rZB.sinl"+ — 

A* 

and 

L, = La + (X^). N . sec 

= 26“ 18' 14"-1G5. U = - 28“ 3' 20"-674. 

^iB=-IO" <ilogS=-0-0001130. 

f2B . sin I" =- 0-0000485 and ^ =- 0-000260. 

A* 

The logarithms of M, N, and E may be tabulated for argument Y. 


Table of LoaAMTBMS of Constants dependino on Latitctdb. 

(Clarke’s Elements.). 


Argument Y. 


y. 

Log AL 

Log N. 

liOg B. 

+ 4^000 • • • • • * • • • • 

9-0891196 

9-0867805 

2-2602 

+ .3,000 . 

1186 

7298 

09 

4“ 2,000 .. •• •• 

1176 

7292 

15 

+ 1,000 . 

1166 

7284 

22 

0. 

1156 

7277 

28 

— 1,000 .. . • .. •» • • 

1144 

7272 

84 

— 2,000 . 

1134 

7266 

41 

- 3,000 . 

1124 

7257 

47 

- 4,000 . 

9-0891114 

9-0867249 

2-2654 
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Exain/ph. 

Q-iven the co-ordinates of 0 (Observatory Hill) on Band system 


T . + 1080-14, 

to find the latitude and lon^tude of 0. 

X ... ... — 560-41, 

Y . -f 1080-14 

X . - 560-41 

X . <iB . sin 1" + 

0-027 

— Y . (fB . sin 1" + 0-052 

Y _ 

0-281 

3. (ilogS _ 

(Y) ... -f 1079-89 

(X) ... -560-21 

log(Y) ... 8-0333795 
„ M ... 9-0891166 

2-1224961 

132-5857 

log(X)* .. 

. 5-4967 log(X) ... 2-7483509 M 

» E .. 

. 2-2521 „ N ... 9-0867284 

- Lsec^u ... 0-0470220 

7-7488 

1-8821013 w 

0-0056 

- 76"-226 

» / 


Of ft 

^0 ■** ^0 13 

14-165 

Lq . — 28 3 20-674 

- 0 2 

12-591 

- 0 1 16-226 

Lat.ofO... 26 11 

1-574 

Long of 0 .. — 28 4 36-900 


Lat. of 0 ... 
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RtIPORT BY MB. A. SIMMS ON THE MEASUREMENT 

OF BASELINES. 


1. The earlier developraeut of the subject of base measuring bv means of Introduo 
wires is ftiUy treated of by Hen' Eduard Jaderin in his “ Method of Measuring 
Geodetic Bases by Means of Metallio Wires,” to the English translation of 
which (W the Sixrvey of India Department) one may readify refer. 

2 . Jadei'in shows the reasons for his adoption of a measuring wire of about. 

25 metres in length and of 1'6 mm. in diameter, suspended under a strain 
of 10 kilogi'ammes. He discusses the whole theory of the catenaj^ of such a 
wire, and treats of the expansions of a steel measuring wire, and of the method 
of gauging its temperature in the field by using an auxiliary brass measuring 
wire in conjunction with it. 

He iurther describes his method of rapidly and reliably metisuring the 
difiFerenoes in height between the extremities of the wire intervals, treats of 
the resulting linear corrections, and gives a complete account of his mode of 
conducting a base-measure, and of the manner in which he compared the 
measuring wire with the Bar Standard. He discusses the faults of the 
measuring wires then in use (1882), and adds the results of some exteusive 
wixe-measui'es conducted by himself personally. 

8 . Since the publication of the pamphlet under reference, very great 
improvement has oeeu made in the manufacture of the wires, and the 
inconstancy of wire-length of which Jaderin complains, has been almost 
eliminated by a superior system of annealing and treatment. Further, tho 
use of a measuring wire of steel gave place to one of nickel-steel with a much 
smaller coefficient of expansion, and that in its turn to a wire of , an alloy 
which has an expansion so small as to be insensible throughout any natiiral 
range of air-teinperatnre, and which can, thei-efbre, be used singly in the field, 
thus simplifying at once all tlie opei'atious of comparison, measure, and 
reduction. 

4. Our e^erienoe with the Jaderin apparatus in the Transvaal and 
Orange River Colony covers the work of measurement of different bases, 
measm'ing in their sum almost seventy miles. We have thus been able to get 
a relativdy extensive knowledge of the merits of the system, and of the most 
effective and economical mtunuer of conducting the field measures. 

5. The field equipment consisted of:— FieldBquip- 

(a) Ten tripods, similar to those described by Jaderin, each carrying a 

vei-tical cylinder, having a pair of index lines at right angles to one 
another engraved on its upper face, and adjustable by movement of 
two ball-and-socket joints below. These joints are clamped by a 
contained screw-key. 

(&) A rough steel wire, of approximately the same length as the 
measuiing wu-e, employed under a constant tension to set the tripods 
at distances suitable for measurement. 

(c) Sets of measuring wires of nickel-steel (having a sensible co-efioient 

of expansion) brass, and “invar.” The measuring wires were 
suspended under a strain of ten kilogrammes applied by means of— 

(d) Metallic weights attached to the ends of the wire by cords which 
passed over— 

(e) free pulleys running in open brass brackets which formed the middles 

of long light wooden poles. The poles were held by assistants so as to 
bring the wire-scale rapidly to its proper position of contact with the 
cross-line of the tripod cylinder-head. 

The aligning instrument supplied with the apparatus was not 
used. Instead, it was found convenient to work with— 

(/) Two small transit theodolites, each stripped of its vertical circle and 
appencUges. The most portable and reliable instrument for this 
work is a good foui'-inch transit, stripped as described, and fitted 



204 


Base 

Measariog 

Appofatna 


Measuring 
ttebase: 
division of 
the vrork. 


Base- 

measuring 

party. 


»vith a long direct-image eyepiece of a power about 15. In the 
absence of the vertical clamp, the telescope may be easily counter¬ 
poised by attaching a small weight on the eyepiece, so that small 
vertical movements are easily communicated withoxit the aid of 
“ slow motions ". 

With two such instruments, the alignment of the tripods can be 
effected at great speed, each observer in turn directing the aligninent 
of the tripods up to his instrument. In favourable country he may 
be able to give the line to the tripod-setter during the placement of 
10 or 14 tripods, without shifting his instrument. 

The measures of the differences of height between successive 
tripod-tops were made with— 

(jg) A 12-inch Dumpy Level. The stability and superior optical power 
of this instmment were found to give it an advantage over the small 
levelling apparatus supplied with the Jaderin equipment, wliich more 
than compensated for the increased difficulty of local adjustment. 

It was moreover found convenient to replace the Jaderin 
levelling-staff by— 

(/i) A staff of a length of 4 metres. This staff was divided as Jaderin 
suggests, so that on one side the black unit was a decimetre, and on 
the other the red unit was one-seventh of a metre. The staff was 
provided with an attached circular level, and was constructed so as to 
close to a length of 2 "2 metres for use over comparatively level ground. 

6 . The B^e Measuring Apparatxis employed for measuring the “ Ground- 
Standixrds,” with which the measuring wires were compared, is fully described 
in “ The Report of the Geodetic Survey, Soxxth Afi’ica,” VoL I. (1894). It 
consisted of— 

1. Five ten-foot steel bars, each with thiee embedded thermometers, aixd 

mounted in a light mahogany case. 

2. Ten ^ camels or brass tripods carrying the bar-roUers with position 

adjxistments. 

3. Twelve wooden tripod stands, on the tables of which the camels were 

placed. 

4. Twelve wooden triangles, designed, by placement on the groxmd picket, 

to give ah extensive level sm’fece over which to adjxist the position 
of the standing wooden tripods. 

6. Two vertical transferring rods, with attached levels. 

G. Two stands for the rods, designed to adjust and hold the rod over a 
terminal OTound-point. 

7. Two bases ror the rod-stands, by which the vertical rod can be moved 

horizont^ly to serve as the standing index of the terminal point of 
an xmfinished bar-measm*e. 

8. Ten light portable wood-and-canvas huts under which the Standard- 

Bar measxires were conducted. 

9. A micrometer microscope for the measxirement of small linear incre¬ 

ments about the end of a bar. 

7. _ The work of base-measxirement consisted essentially in two 
operations, yk. , the direct measxire of the baseline ia terms of the wice-letigths, 
and the periodic determination of the lengths of the measxiring whres'.m;: terms 
of the bars. 

With respect to the second operation, the secxilar change in length of a 
modem Jaderin wire is so small that it is sufficient to standardise the wire 
immediately before and immediately after one complete measure of the base¬ 
line propOT. 

8. The Staff of the base-measuring party, was composed as follows :— 
Two aligners, each with his instrument. 

One Em’OTean and one native to extend the rough or settiog wire, and 
one European to place the tripods against me wire-end and adjust 
them in line by the direction of the ^gner. Two natives, who sup¬ 
ported the pxilley-rods of the measxiring wire, accompanied by two 
other natives who released or sxxpported the extendmg weights of 
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Two Eiuropeans, of whom the hinder one conti’olled the zero of the whe- 
scaJe, and the forward one who obsei'ved and recorded the resulting 
reading of the forward wire-scale. 

One European, who conducted and recorded the levelling operations, 
assisted by a native staflF-holder. 

About five natives who carried forward the tripods os fast as they were 
rdeased by the levelling party behind. 

There were thus engaged in the ineasitres seven Europeans and about 
eleven natives. 

9. After the selection of the baseline site, the uieasuiing party had first T^inal 
to put in the terminal piers of the line. These were oi concrete and in pi®™* 
dimensions about 2^ feet sq'uare by 8 or 4 feet deep. The top &.oe ^ntaius 

an embedded brass pyranud in which is a small drill-hole indicating the 
terminal point. After the completion of the measures, the block receives a 
fitting concrete cap, which preserves the pier-fooe firom injury and is at the 
some time removable. *The whole is usually covered with earth, and its 
approximate jposition is marked by an adjacent stone-pile. 

10 . The intermediate sectional points of the base are then marked with Sootioml 
flag-stones at intervale of two or three miles, and following this the line of pomta. 
measmre is farther defined by short rods driven into the ground at intervals 

of about 300 yards. These project about a foot alxive the ground surface, and 
are subsequently occupied by the tripod aligners. 

11. In measurement it was found convenient for the aligner to occupy a Alignment, 
forward point, and after having directed the aligmnent of the tripods almost 

up to himself, to remove his instnunent and so expose the second uliguer 
already forward and in position to continue the work. 

It some such plan of working is not adopted, the process of alignment is 
sometimes liable to cause delay in the measurement. 

The man who places the tripods on the line is provided with a vane 
attachable to the tripod cylinder, so that at considerable distances the aligner 
may easily see the line of the cylinder under adjustment. 

12 . Of the two men who extend the setting wire, the European was jduced RcUing Uic 
behind so that he could set the index line of the wii*e against the cylindm* of iaUwalM. 
the last tripod and could rapidly direct the native to bring liis forward end t)f the 

wire into approximate Ihie. The final line-udiustmeiit is then ettboted by means 
of the ball-and-socket joints of the tripod hetid. In case Jiny considerable adjust¬ 
ment has been made, it is as well to try the length agaui Ixsfore going forward. 

13. On arrival in position before the tripods, the two Euro])ennB of the Moewuiing' 
measuring party are carrying the wire, while the pole-holders are assisted by tlie iutor- 
the weight carriers. The pole-holders immediately place their poles in position 

on the line, and each extends the hook of his weight-oord to the European, 
who attaches the hook to the wire-ring, and they mutually call '‘Bight,” 
whereupon the weight-holders quickly but gently release the weights in 
position under the pulleys. The pole-holders then direct their poles so that 
the wire-scales come quickly tuid steadily into position over the cyliirder 
indices, and on the back reader getting his zero steady in position and calling 
" Now,” the forward reader takes a deliberate reading, books its, grasps tho 
wire-ring and calls “ Bigbt,” when, on the weight-holders lifting the weights, 
the wire is detached simultaneously at each end, and the party proceeds 
forward to the next interval. With inteUigeut and alert assistrmts, mechan¬ 
ical regularity is very soon gained in this operation. The readers should 
assure themsdves that the pulleys of the poles are perfectly free from any 
restraint and that they are playing truly on the line of measure. It is a good 
plan for the measurers to reverse the wure, end for end, at intervals of aboui} 30 
wire-lengths, so as to vary the illumination of the scales, and further to secure 
the conmtioQ that in any section there shall be an approximately equal number 
of scale records read from right to left and from left to right 

14. The leveller, who follows the measuring pai’ty, preserves his instru- Differences 
ment over one aligning pin for as great a length of time as the gradient of the ^ height of 
OTOund and the length of his staff allow him to read the staff-divisions 
distinctly. He commonly takes up a ])osition about equidistant from the 
extremiaes of the section under measurement. Before passing forward he 
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assures himself by a comparison of the differences of his red and black staff- 
readings that his records are within the limits of observation-error. 

15. It is desirable, for the rapid and undisturbed proOTess of a m^unng 
party, that the cjomponents shall be so balanced that neither sball babitxmliy 
delay the others. We have found the composition and i^thods hero 
described to overoome all the oiiginal liability to disturbance, ^^ith a pai*ty 
of this kind, the average daily rate of process would he about fivemUeji. 

16. The baselines were commonly divided into sections, each of fi*om one 

to three miles in length. The end of a section is dedned by a cross-line filerl 
on the head of an iron pin driven into the ground. » . i 

In order to avoid tape-intervals, representing fractions of a wire-length, 
it has been found convenient to abandpn the original plan of fixing these 
section terminals before the measure begins, and instead to place each sectioii- 
pin below the end of the last wire-length in the first measure. In subsequent 
measures it is not difficult to so arrange matters that the section-terminal 
point shall fall again under the scale of the measuring wire. There is thus 
only one tape measure—^that at the base end. The vertical transfer of a 
ground point to the wire-scale, or t>ice v&rsa, was always made with a transit 
theodolite, mounted close to the point and at right angles to the line, and 
having its axis-level attached. 

17. After the adoption of the “ invar-wire ” it lieoiune imnocessaiw to 
employ two measuring wires. With two wires in use, the diffoi'enoe of the 
scale readings was assumed to famish, besides the temperatiire of the wire, a 
guarantee of accuracy of scale reading. I am not at all sure, however,^ that 
the conformity is worth much. The most common errors of mcord are of simi 
or of tftTia of the unit. From former experience, it seems likely that a reader 
is liaUe with two wires to be paying greater attention to tho change of 
temperature (as indicated by the small changes in the differences of the scale 
readings) thau to larger matters, and if he has unconsciously recorded a wi’ong 
sign^ror the first scale reading he is quite likely, in a distracted mood, 
mechanically to repeat it for the second. With the single wire thoro is no 
technical reasont for distraction, and it may be thei'e is less liability to on'or, 
mn.ee the reader knows he is making a locally unsuppoi'ted record. Of course, 
if he is conscious that he has ceased to be alert, he should stop woi’k. 

18. In order to avoid a continual liability to change in the sign of the 
scale residing, it has been found convenient to direct the tripod-setter to avoid 
setting out intervals of about the length between the zeros of the moasuving 
wire, and instead to adopt a long series, first of longer and then of shorter 
intervals. The reader is thus aMolved, not of course from paying constant 
attention to the signs of the readings, but of constantly recording changes. 
Further, the summation of the increments is simplified. 

19. With the single wire, the computed measured length of the Baseline 
is derived from the single form ; 

L = . c -b (a) -f (Z), 

where n is the number of wire intervals, 

0 is the standard length of the wire between its zeros, 

(s) is the sum of the scale readings, 

(Z) is the sum of the level corrections, each correction being taken from 
a previously prepared table computed from: 

T A* /i* 

28 + 


h being the difference in height between two tiipods, and S being the 
wire-length. The second term is almost invariably insensible. 


COMPAEISON OF MEASURING WIRES WITH 
GROUND-STANDARDS. 

Length of 20. The two Ground-Standards which were measured with the Bar- 
apparatus, aud with which the wires were compared, were invariably of the 
approximate lengths of 80 feet and 480 feet. The method of wire-comparison 
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on the 80 feet length aa desoribed by Jaderin ia the quicker and simpler 
method, but it has the disadvantage that it is conducted under circumstances 
quite dissimilar to those under which the wire is used in the field, and it 
merefore leaves one liable to unknown systematic error in the adopted wire- 
lengths. For the pui*pose of tracing expansions it ia very convenient, sinw 
it is completely covered by the bar-huts. It is also quite suitable for a rapid 
comparison of wires with one another. We have, however, always prefen*ed 
to determine the standard wire-length from a multiple set of wire-measures of 
an interval of 480 feet, which ai‘e accompanied by carefully conducted bar- 
measures of the line, and the preference w^as subsequently justified by the 
evidence 

21. The conditions sought in the selection of the ground for these Ground- Site for 
Standards were : a position about midway down the baseline, an awscesible 
rock-bottom for the foundations of the terminal piers, and proximity to a ° 
good water supply. Since the whole of the laborious work of bar-measure and 
of wire-comparison was made on these standards, the main camp was naturally 
established dose at hand 

22. The terminal piers were in dimensions about 2^ feet square and of the Tonuiiiai 
depth necessaiy to secure, if possible, a rock bottom, or otherwise the fimest ^ 
foundation reasonably attainable. Of the ground-standards at the 5 base 
lines there ore two in which the accumulated oar-measures appear to indicate 
some slight progressive movement in the terminal piers, and the wire-lengths 
have been adopted on this hypothesis. 

28. The use of wooden pickets as foundations for the bar-tripods was 
adopted at Belfast; but on the second baseline, that at Ottoshoop, the 
extremely rocky nature of the ground utterly forbade picket-driving, and we 
were therefore obliged to prepare, in place of the picket-heads, sets of simple 
surface supports, provided by letting into the ground, at a shallow depth, 
either fiat stones or loosely made concrete. The faces of these supports were 
mode level, and as they presented surfaces considerably larger than those of 
picket-heads, we were able to abandon the use of the wooden trimigles. 

These foundations were found so comparatively steady and satisfactory that 
we never returned to the use of wooden pickets. The prejiavatiou of such 
foundations is rather laborious, but certainly not more so than picket-driving 
in hard ground. At iiiteivals of 40 feet from the terminals of the ground 
standards a shallow concrete block was placed in the gi'ouud, which was 
designed to support the transfeiring-rod apparatus. 


24. The Bar-measure was conducted as follows:— Bar-measure 

The foot of a transfewing-rod was placed in the stai*ting terminal hole. stmdarSa 
The rod was rotated and the foot screws of its stand adjusted 
until its level showed that the rod was nearly vertical. The 
starting bar A having then been placed and clamped nearly in 
position, and a micrometer microscope attached to its backward end, 
the rod was rotated under the microscope and the collimation error 
of its index line measured with me micrometer screw. The 
remaining bars B, 0, D, were then placed on the line, end to end, 
and then were aligned. The micrometer microscope was then 
detached firom the back end of A, and attached to the forward 
end of D bar, being replaced by the ordinary bax-miorosoope. 
Coincidences were then m^e simultaneously by four observers, of A 
bar back-end with the rod index, of B with A, 0 with B, and D 
with C, and on aU of the four observers signifying sutis&otion, the 
fifth observer stationed at the forward end of D bar, having already 
placed there the second transferring-rod in position, he bisected with 
the micrometer wire both the bar cfivision and the index line of the 
rod, recording the resulting readings of the micrometer head 
together with the readings of the level attached to the rod. The 
thermometer readings were then rapidly called. The bars were 
then taken forward, and the second rod left standing to serve as the 
back index-point in the second interval. The original terminal-rod, 
whose level has also been read at the sta^, is rotated as 
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soon, as it is free of the bars, and its level reading recorded 
in. the reverse position. In the next succeeding measure the 
level of the standing rod (unrotatech was recorded at the moment 
of final coincidence of the rod-index with the bar-line, the bars 
being now placed in the order B, A, D, 0, and the other operations 
followed as before, except that the indicated temperatiu’es were 
now called before instead of after measure, they being thus 
called alternately before and after bisection in order to guard 
against the effects of the expansion in the interval. On arrival 
at the forward terminal the errors of ooUimation and level of the 
transferring rod are determined as at the beginning, and the value 
of the micrometer screw is examined by measuring with it a space 
of about five millimetres contained on a light standard scale which 
is temporarily attached to the bar-end. 

It is to be observed that during an interval of some weeks, the 
temperature is likely so to vary that the sum of the bar-lengths may 
sometimes leave an increment in the 480-feet line which is outside the 
range of the micrometer screw, and it is therefore necessary before starting 
a measure to estimate the coming mean temperature and resulting increment, 
and to distribute the latter by setting the index of each forward rod a 
little before or behind the bar-index, so that the final increment may remain 
small. 

25. The bars were aligned by means of the transit theodolite already 
described as in use on the baseline. The striding axis-level was applied. 
The aligner stood at first about the middle point of the line, and later at the 
forward teivninal. The huts were moved forward with the measime, so as to 
keep the whole apparatus under cover. 

26. The standard length is derived from:— 

L = (B) + (i) + + ^1 + + {h)» 

where 

(B) is the sum of the bar-lengths 

(i) is the sum of the micrometer intervals reduced to millimetres. 

Cl and Cg are the coUimation corrections, 

Z] and Zj axe the level corrections of the transferring apparatus at the 
terminals of the ground standards, 

(Z8) is the sum of the corrections due to the movements of the levels 
of the transfeixing apparatus between the terminatioir of the 
measurement of one 40-foot measurement and the commencement 
of the next. 

27. In comparing the wire with the 480-feet standard, the pier terminals 
were occupied by the traesferring rods, which alone were screened from the 
sun, the wire being fully exposed. 

The wire intervals were set out by means of the tripod stands as on 
the baseline. 

The plan was invariably pursued of going up and down the linA four times 
each, thus making eight measures, or four sets of double journeys; the oolli- 
mation error of the transterrinjg apparatus being eliminated by its use equally 
in both positions of the rod. The transfeining rod-level readings are recorded 
in both positions. The wire is reversed* end for end, after me first double 
journey, and again after the third, thus securing a variable Dlumination of the 
scales; while, since the forward scale reader travels equally in both directions 
for either position of the wire, he is forced to read an equal number of incre- 
• meuts in each direction from the zero, i.e., left to right, and right to left. 

The mrcumstances of standardisation should thus effectu^ly eliminate all 
systematic error in the adopted wire-length. 

28. The wire-length is computed from: 

"W = ^- + I + (Z) -I- Zi -f Zj, 
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where 

L is the absolute length of the staudu>rd line, 

S is the sum of the wire-scale readings, 

(Z) is the sum of the ooiTertions on level, having regard to the different 
heights of the tripod stands, 

Zj and Zj are the level con'eotions for the transferring rods. 

29. In the application of a wire to the SO-feet ground-standard, the 
elevated terminals were again always defined by the transferring rods placed 
in the ground-terminals. The wire was suspended under the usual weights 
whose cords passed over the pulleys carried by wooden frames, the bases of 
which were formerly planted in the gi’ound. As the straining frames so placed 
were found apparently to act as levers on the pier foundations, they were 
subsequently made simply to stand on the ground. The comparison of a wire 
with the stendard was affected by the simrdtaneous readings of both scales, 
each in coincidence with the line on the horizontal &ce of the transferring rod. 
In this comparison the scale was brought up to the rod by tapping the standing 
frame into the required position, and numbers of readings were simultaneously 
made along the entire length of the scales, allowing them to slide from end 
to end, the scale faces lying nearly in the same horizontal plane as that of 
the top of the rod; that is to say, the scale face was horizontal. 

30. In the earlier standardisations there was always a large systematic 
difference between the apparent lengths of the wire as derived from the two 
standard lines. This proved to he due to the different vei'ticol inclinations 
given to the scale-&.cea on the two lines. The form of scale attached to the 
more commonly used wire is exhibited iu the following sections:— 

Fig. I. 


iiiiiiiiiiiiiriiiiiiiiiiiiiiiiiiiiiiiii'ir 


ho 


When the wire is in suspension, since the scale is lying longitudinally 
in a plane which is inclined to the horizon at an angle eqiial to the dip 
incidental to its position in the cateiaaiy curve, the rotation of the scale 

about the wire causes the radii, 
terminating in the soale edge, 
to describe circles about the wire, 
the planes of which are inclined 
to the vertical plane at an angle 
equal to the dip of the scale. 

Eeferring to Fig. II, the scale 
divisions being at A, and the wire 
passing through B, if AB = r, the 
angle £BA = a = the indinatiou 
of r to the hoiizon when the 
scale face is horizontal, and the 
angle EBF = /3 = the inclination 
when the scale face is vertical; 
8 being the angle of longitudinal 
dip of the soale, the linear deflec¬ 
tion of a soale division as the 
scale-face pusses flom the horizontal to the vertical must equal. 

r. tan 8 (sin a sin /8), 
or 

2r. tan 8. sin “ ^ . cos , 

Si 2 

and when the two scales are involved, the change of apparent wire-length 
is equal to 

4r. tan 8. sin . cos ^ “ • 

2 2 

0 


Pig. 11. 


\ 





Oompari- 
Bon with 
BO-feet 
ground- 
BtGuadard. 


Inolination 
of Soale 
Faces. 


(14181) 
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It is somewhat diffictilt to measure the Jeu^h r, and the angle of 
yertioal inclination of r for a given inclination of the scale face, because the 
scale is not always mounted very truly on. the wire; but approximate values 
may be obtained by means of a fine s^e, r being determined by measuring 
the diameters of the circles described by the scale-edge on rotating the scale 
through 180°, the wire being in suspension. The angle S may be obtained 
bv reading with a level telescope the divisions of a £ne scale vertically placed 
alternately at each end of the wire-scale in suspension. 

In this wt^y we got for our wire No. 8 the mean value of r for‘both 
scales =s 7‘7 mm., the mean value of a = 42° 30', and the dips of the two 
scales 1° SO' and 1^ 10' respectively. 

Erom these data, the calculated change of wire-length in passing from 
a horizontal scale-face to one vertical is 0*51 mm.; the measured value given 
by a number of direct experiments was 0*545 mm. 

As used in the base-measures, the scale-faces are necessarily inclined 
to the horizon (depressed] at an angle of 60°, that being the inclination 
resulting from the contact mvariably made by both the so^e-edge and the 
cylindrical back of the scale with the spherical surface of the tripod-top. 
Pig. in. 


With this form of wire the computed change of apparent 
wire-length resulting from the rotation of its scale-face from 
a horizontal plane to one depressed 60° is : 

A = 2r. tan 8 {sin a ■+■ sin (60° — a) } 

= 4?*. tan 8. sin 80°. cos 12j° 

= 0.850 mm. 



The measured difiference derived from a number of special experiments 
on the 80-feet standard hne was 0*870 mm. This last difference satisfied 
the relation between the apparent lengths of the measuring wire as derived 
from our two standards within the limits of the errors of otoervation, but it 
appeared that prior to the elucidation of the subject, the wire-soies at the 
extremities of the 480-feet line were placed against the terminal rod-faces 
at a mean angle of 20° depression, alike by each observer, and the resulting 
correction to the wire-length (-|- 0*04 mm.), due to this failure to preserve 
the inclination of 60° wmch is enjoined in the intermediate points by the 
form of the tripod-head, has been applied to all the standard-lengths involved. 
At a later date we preserved the iudination of 60° by the use at the terminal 
of a paper angle-gmde. 

At OttoshoOT, two base-measures were made with a wire having the 
scale-form Fig. Iv., the wire passing through D, and the divisions being at A. 

The angle 8 was about 1° 51'; and the 
mean r, 6*2 mrr\ , 

In this scale, since r is so dose to the 
scale-face, the sum of the linear deflections 
of the two scales in passing from a scale-fime 
horizontal to one vertical must be nearly equal 
to 2r. tto 8, that is, 0*40 mm. 

Seeing that the bearing-face of this scale 
is a plane, it is not possible, in its application 
to a tripod cylinder-head, to preserve any 
cale-face, and it is therefore a very dangerous 

The thiiri measure of the Ottoshoop line was made with the ordinaiT 
measuri^ wire, and no greater di^rdanoes than usual are disdosed. This 
IS protebly sme to the presOTvation, in a great number of wire-comparisons, and 
over bac»-se<^io^ of considerable length, of a mean angle of mchnation, alike 
on the Standard line and on the Base-section. Wiwi wire-scales in which 


Kg. IV. 
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the divisions are not borne in the line of the wire, it is a highly important 
matter to preserve a fixed vertical inclination of the soaJe-fiice, Doth in the 
field and on the_ Standard Line. With the most modem form of Jaderin wires, 
the^ scale divisions are placed in the line of the wire, so that r = 0, and the 
indicated length is a constant for all inclinations of scale-face. 


MEASURES ON THE FIVE BASELINES. 

81. The following data represent the measures in the five haselinee. In 
the computatation of the section-lengths the standard wire-lengths have been 
interpolated ft'om the measured values for the limits of the periods, 


At Belfast. 


Bar-Meamres of the i^O-feet Standm'd. 


July 


Aug. 

a 


mm. 


7 & 8. 

.146809-67 

8 & 9. 

. -55 

18. 

. -41 

14. 

. 09-98 

29. 

. 10-45 

80. 

. 09-69 

10. 

. 10-00 

11. 

. 09-64 


I mm. ffiTn- 

SMean = 146809-79 ± '077 


Wire-fiengthu from iSO-feet St/mdard, 


Wire No. 1. 


Wire No. 8. 


mm. 


June 

5. 

.24.881-64 


6. 

. -76 


10. 

. -64 

9i 

29. 

. -45 

.Tilly 

8. 

. -26 

99 

10. 

. 1-05 

99 

14. 

. 0-97 

99 

17. 

. -89 

99 

19. 

. -87 

99 

20. 

. -85 

99 

22. 

•77 

Aug. 

11. 

. -72 

99 

13. 

. -63 

S9 

17. 

. -57 

99 

19. 

.24380-59 


mm. 


June 

6. 

.24382-77 

99 

11. 

. -69 

99 

29. 

. -34 

July 

8. 

. -32 

n 

10. 

. 2-06 

9 ) 

16. 

. 1-01 

99 

19. 

. -72 

99 

24. 

. -76 

99 

25. 

. -59 

99 

81. 

. -55 

Aug. 

4. 

. -48 

99 

5. 

. -31 

99 

13. 

. *26 

99 

15. 

.24881-27 


Base-Measures. 


Section 


Section 


mm. 


la,—July 

23. 

..122Z + 

14151 


mm. wim. 

99 

25. 

+ 

1394 

^Mean ; 

122/ -f 1409 ±5-1 

Aug. 

18. 

+ 

1418 J 

I 


!&.—July 

22. 

.. 92Z- 

8801 

1 


99 

24. 

— 

870 ' 

)-Mean : 

92 Z — 878 ± 2-8 

Aug. 17- 

-18. 

— 

884_^ 

1 



0 2 
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212 


BaiiPAST— oontinued. 
Base-Measures —continued. 


mm. 


Section Ila.—July 

1. 

...100 


68791 

1 

100 Z4- 

mm. 

inm, 


2. 

1 • % 

+ 

6874 

>Meau : 

6879 

±1-9 

Aug. 

17. 

1 • • 

+ 

6884^ 

1 




Section 116.—Jane 13' 

-19, 

... 57 


63041 

1 




„ 15- 

-20. 



t.3l0 

^Mean: 

57 ^4- 

6307 

41 

Aug. 

15. 

•• 

+ 

6306 J 

I 




Section lie.—July 

15. 

.. 77 

1 + 

37721 

1 




99 

16. 


+ 

3787 

^Meau: 

77/+ 

3780 

±2-9 

Aug. 

14. 

• • 

+ 

3781 J 

1 




Section Ilia.—July 

17. 

.. 89 

1 + 

74-251 

1 




Aug. 

4. 

• • 

•4- 

7437 

^Mean: 

89l-\- 

7431 

± 2*3 

99 

J4. 

• • 

+ 

7430 J 

1 




Section 1116.—July 

IB. 

.. 98 

i+: 

160541 

1 


• 


Aug. 

3. 

. • 

+ 

16045 

^Menn: 

4- 

GO 

16052 

db 2-6 

99 

13. 

•• 

+: 

16058 J 

1 




Section IV.—Aug. 

3. 

..142 

? 4- 

94141 





99 

12. 

• • 

4- 

9425 

^Meun: 

142^-1- 

9426 

±4-7 

July 

21. 

•• 

4- 

9438 J 

1 




where 

mm. 

l - 24.380-50 


TTITTI, TTlTn. 

L = 777 Z + 50406 db 9'0 

mm. Tnni. 

= 18,994,055 ± 9’0 


At Ottoshoop. 


Bcvr.Measures of the A^d-Veet Stamdard. 


Sept. 24 


9 ) 

Oct. 


25, 

15 

16 


» 28 


TUTn. 

146811-47') 
-39 
-32 I 
•50 
'46 


mm. TTiTTi, 

Mean: 146311*48 ±-021 
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OorrosHOOP — contmued. ' 
Wire-Lengths fi'om 4,%Q-Feet Standard. 

Wire ^18. 


At temperature of equality with brass wire. 


mm. 


Sept. 

27. 

.24383*54 

99 

30. 

. *48 

Oct. 

3. 

. *45 

9) 

7. 

. *48 

p 

10. 

. *49 

99 

12. 

.24383-45 


Wire No. 8. 


Tnm- 

Oct. 21.24381-28 

23. -24 


25. 


•19 


Base-Meamres. 


mm. 


Section I.—Sept. 28...130 Z+ 6/0*1 mm. mm. 

Oct. 12... + 665 ^Mean : 130 Z + 669 ± 1-4. 

„ 21-22... + 6/2J 

Section Ila.—Sept. 28-29... 88 Z + IS/S*] 

Oct. 11... + 1964 ^Mean: 83 Z + 1967 ± 2-6. 

„ 22... + 1968 J 


Section 116.—Sept. 29... 89 Z — 562'] 

Oct. 10-11... - 570 

.. 22... - 567 


i-Mean: 89 Z — 566 ±1-6. 


Section lie.—Sept. 29-30... 85 Z+ 2291 

Oct. 9-10... + 2289 '^Mean: 85 Z + 2291 0-6 

„ 24... + 2292 


Section III.—Oct. 1...131 Z— 2612' 

9... - 2608 

24... - 2610 


99 

99 


Mean : 131 Z - 2610 ± 0-8. 


Section IVa.—Oct. 1-2... 75 1— 412'] 

„ 8... — 408 >Mean : 75 I — 409 ± 2-0. 

„ 24-25... - 412J 

SectionIV6.—Oct. 2... 52Z-1757‘] 

8... - 1756 VMean: 52 Z - 1757 ± 0-4, 

25... - 1758 


99 

99 


Section TVe.—Oct. 2... 70 Z+ 6484' 

7-8... + 5494 >Mean: 70 Z + 5490 db 2*0. 

25... + 5491 

0 3 


99 

99 


( 14181 ) 
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wliei'o 


Ottoshoop — continued. 
Base Measm'es —oontmued. 


iTiTn . 

I := 24S82'00 

mm . mill 

L = 5^15 ? + 507-5 ± 4*5 

iniTi. mm. 

= XT',488,205 + 4-5 


At Wbpenbr. 

B<xr~Meaaures of the 480-ifW Staivdard. 


1903. iTiiTi- 

Nov. 26. 146317-4J '] 


Dec. 


1904. 

Jan. 


30. 

*15 

1. 

*.30 

8.. 

*59 

12. 

*82 

18. 

*61 

18. 

*48 

28. 

*62 

28. 

*.54 

2. 

•51 

2. 

*57 

7. 

*7*2 

7. 

*84 

8. 

*79 

8. 

... 146317*75 


mm 

Mean: U6S17'55 


Notb.— ^Thifl line appears to have expanded. Regarding its length 
as inconstant, the probable errors given by the observations are :— 

For a single measure.±*035 

For a pair...±*025 


Wire No. 8 


Wire-Lenglhs, 


min . 


1903. Deo. 1.24881*29 

6. *24 

. *24 

. *32 

•1 29. *81 

1904. ,Jan. 1.24881*34 


99 

18. 
„ 17. 
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WBraaoB. 

Baae-Meouvres, 


Section VI.—^Dec 


where 


-Dec. 

2-3.. 

.163 

1 + 


16.. 

• 

+ 

ii 

29-30.. 

•• 

+ 

-Deo. 

3.. 

.125 

1 + 

» 

16., 

, • 

+ 


30.. 

, • 

+ 

Jan. 

6.. 


+ 

-Dec. 

3-4.. 

.210 


>i 

15-16.. 

. • 

+ 

ii 

30-31.. 


+ 

-Deo. 

4-5.. 

,.111 

1- 

tl 

15.. 

, , 

— 

99 

81., 


— 

-Deo. 

5., 

,.165 

Z- 

99 

14. 


— 

99 

81. 


— 

-Dec. 

5-6.. 

,.118 

1 + 

99 

14.. 

• 

+ 

Jan. 

1.. 

. 

+ 


mm. mm . 


Mean ; 125 ! + 148 ± 2*0 


nun. 

/ = 24381*20 

mm. ttiin. 
L = 887 ? + 29221 ± 3*2 

mm. mm. 

= 21,655,845*00 db 8*2 


At Kbookbtad. 

Bcn'-Meaawes of the 480-/ee< Standard, 


(14181) 


Feb. 

8 . 

tnin. 

.146320*55 

99 

4. 

. *74 

99 

8. 

. *55 

99 

8. 

. *85 

99 

15. 

.146820*62 

99 

15. 

. *64 

99 

18. 

*68 


• 

0 4 


mm. 

Mean: 146820*55 


•Mean: 146820*65 










216 


Kboonstad— continued . 

Bar-Measuves of the 480-yeei Standard —continued. 


jnm. 


Mar. 3.146320*89') 


3. 

. *98 

4. 

. *85 

4. 

. *94 

9. 

. *91 

18. 

.146321*14 

18. 

. *50 

19. 

. *2R 

19. 

. *18 


y Mean: 


mm. 

146320*91 


^Mean: 146321*28 


Noth. —This is evidently an expanding line. Eegavding the length as 
inconstant, the probable errors given by the observations are .*— 

mm. 

Fora single measure.±*064 

For a pair .±*045 


Wire No. 3. 


Wire-Lengths. 


1904. 


mm. 

Feb. 

4. 


99 

7. 

. *51 

99 

12. 

. *52 

99 

18. 

. *54 

Mar. 

6. 

. *56 

99 

8. . 

. *61 

99 

17. 

. *65 

99 

22 . 

. 24381*63 


Base-Measures. 


Section I.—^Feb. 

Mar. 


mm. 

6... 66 ^ — 1621"] mm. mm. 

6... — 1624 ^Mean : 66 Z — 1622 ± 0*7 

6... -162lJ 


Section II.—Feb. 

99 

Mar. 


6.. .202. Z- 641'] 

7.. . - 643 ^Mean : 202 Z - 641 ± 1*0 

6.. . - 688j 


Section IIL—Feb. 

99 

Mar. 


5.. .138Z- 209"] 

7.. . ~ 219 yMean : 138 Z - 214 ± 2*0 

7... — 215 J 


Section IV.—^Feb. 18...134Z-- 4785'] 

„ 13-14... 4777 ^Meau : 134 Z - 4782 ± 1*6 

Mar. 20... — 4783 J 


Section V.—Feb. 

>9 

Mar. 


16.. . 78 Z H- 9 ) 

17.. . + 15 }-Mean: 78 Z+ 12 ± 1*2 

20 .. . ± 
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Khoonstad— continued. 


Baae-Measwrea —ooatiuued. 


mm- 

Section VI—^Feb. 16-17...196 I — 3157 
„ 17... - 3171 

Mar. 20-21... — 8160 

where 

tarn. 

I = 24381 60 


mm, mni. 
Mean: 196 Z - 3163 ± 2-9 


mnu ram. 

L = 814 Z - 10410 ± 4-2 


mm- 

= 19,836,131 ± 4-2 


At PlBTEBSBDUa. 

Bcur-Measwea of the AQO-Feet Standard. 


mm. 


May 25. 

.146308*76 

.. 26. 

. *64 

June 2. 

. *56 

„ 7. ... 

. *53 

„ 13. 

. *50 

„ 18. 

. *62 

„ 20. 

. *87 

„ 25. 

. *62 

„ 26. 

. *79 

„ 27. 

.146308*73 


mm. mm. 

^Meim: 146308'66 rh *026 


Wire-Lengths. 


mrry. 

May 26 Wire No. 3.24381*52 

June 2 „ „ 1.24380*75 

„ 7 „ „ 1 . *78 

,, 13 „ „ 1. *76 

9> 13 >j >> 1-. ^3 

„ 20 „ „ 1. *77 

„ 25 „ „ 1.24380*75 


Base-Measures. 


Section 


mm. 

I—May 27...150 Z + 270] 

June 12... + 273 >Meaii 

„ 20-21... + 287_ 


mm. 

150 Z+ 277 


mm. 
± 3*5 


Section IL—May 27-28...200 Z ~ 140'] 

June 12... - 139 VMean: 200 Z - 187 ± 1*7 

„ 21... — 1S2J V 


Section 


m .— May 28...180 Z - 88 
June 11 ... — 93 

21 -* 22 ... - 91 


>Mean: 180 


Z- 


91 ± I'O 


99 
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Probable 

error. 


PiBTBRSBTJitG — ootvbimed. 


Base Measwres —continued, 
mm. 


Section 

IV.—May 

29...220Z-f 134081 

1 

TTiin- mm* 


June 10 

-11... -H 18404 

^Mean : 220 Z -1- 18405 ± 0*8 



22... + 

13407 J 



Section 

V.—May 29 

-30...192 2- 

6011 

1 



June 

10... — 

608 

>Mean : 192 Z — 

606 ±1*7 


,, 22*—23,., 

609 J 

1 

Section 

VL—May 

80...144; + 

2761 




June 9 

-10... + 

268 

^Mean : 144 Z -4- 

270 ± 2*1 



28... + 

266 J 

1 


Section 

Vn.—May 

31.. 177Z - 

10421 

1 



June 

9... — 

1042 

^Mean : 177 Z — 

1040 ±1*3 


28*— 

1036 J 

1 

Section YItl.—^May 

31...J80Z - 

54601 

1 



June 

8-9... — 

5462 

^Mean: 180 Z — 

5462 ±1*0 


99 

24... - 

5465 J 

1 


where : 


mm. 






1 = 24381*00 

mm. 

TTITTl- 



1398 Z +6616 ±5-2 

mm. xDixL. 

= 38,969,349 ± 5*2 

. 32. In the foregoing data, the probable errors quoted are those deduced 
&oin the discordances in bhe repeated measures of the sections. In the cases 
of the Wepener and the Kroonstad lines, sinoe the standard lines are assumed 
to have been inconstant in length, an independent value of the staudard- 
length has been used for each individual base-measure, and the derived 
prorable errors should thus include not only the accidental errors of measure, 
but the systematic errors as well. 

In the other lines—^those at Belfest, Ottoshoop, and Pietersburg—since 
the adopted standard-lengths are constant for- the whole periods of measure, 
one must add to the derived probable errors the systematic errors ; 

At Belfast.129-6 X 0*077 = 10*0 

At Ottoshoop.119*2 X 0*021 = 2*5 

At Pietersburg.232*2 X 0*026 = 6*0 

The probable errors are then:— 

At Belfest.10*0 -b 9*0 = dh 19'0 = approx. | "qqq qqq 

1 


At Ottoshoop. 2*5 + 4*5 = dh 7*0 = 

At Wepener. ± 8*2 = 

At Eroonstad.... d: 4*2=: 

At Pietersburg.. 6*0 -j- 5*2 =: ± 11*2 = 




2,491,000 

1 

6,767,000 

1 

4,728,000 

1 

8,038,000 
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la viewinif these errors, one finds the Belfast error considerably ^ater 
than any other. This may fiiirly he regarded as mainly due to want of skill, 
of knowledge, and of efficient co-operation, the Belfast measure having been 
of an experimental nature. The apparent superiority of the measiwes at 
Wejpmer and Kroonstad, where the systematic errors enter variably into the 
individual measures, appears to indicate that the true erroi'S of Bar-measure 
are really smaller than those derived fi'om an extended series of measures of a 
standard line; in other words that the standard piere on any line have not 
been steady for any long period. There are, however, not sufficient obser¬ 
vations on which to base a discussion of practical value, and in the absence of 
definite knowledge, the potential pier-displacements must be considered as 
errors of observation. 

33. The principal sources of the theoretical probable error of a whe base- 
measure, expressed, as these measures must at present be, in terms of the 
adopted mean lengths of the Standard Bars during their several applications to 
the Standard Line, are:— 

(а) The error of the adopted value of the length of the standard line in 
terms of the bars. 

(б) The error of the adopted relation of the wire-length to the standard 
line. 

^o) The accidental en’ors of the wire-scale readiugs during a base-measure. 

(d) The error due to imperfection of levelling. 

(e) The cumulative error due to small en’ors of alignment. 

With regard to (a), the effect of this error is naturally proportional to the 
number of times that the baseline contains the standard line. The error of the 
standard line is a fimction of the conditions of measure, and it is therefore not 
reasonably to be regarded as a constant for all the standard lines, although the 
apparatus may in all cases be identically the same, and employed with equal 
degrees of sfcdl. With our Bar Apparatus, experience shows that we get a 
much smallei' probable error when the temperature is fairly constant and the 
8‘ir dry, than we do when there are rapid changes of temperature or quickly 
di minis hing humidity. By either of the adverse conditions, the tempeiuture 
of the bars, in their light wooden cases, is quickly and irregularly disturbed, 
and is therefore difficult to record 

The error (6) may be regai-ded as constant for all base-lines measured 
under similar mechanical circumstances. 

In an extended series of comparisons of a wire with the 480-feet standard, 
we find extreme discordances amongst the individuals of a set of four double 
measures, conducted as I have described, of 0*15 Tnun, for the wire-lengjth in 
terms of the standard It would appear from this that the probable error of 
an individual double measure is about 0'025 mm., and a set of four, on which 
our adopted length is always founded, about 0*012 mm. This error is evidently 
systematic, but is independent in each of several measui'es. 

For convenience of computation, its effect may be added to that of (a), 
so that 

In considering the n^nitude of (c), one observes that in a series of wire- 
measures of a constant distance, the range of scale reading is about 0’15 mm., 
BO that the probable error (o) for each wire-interval in a line may be regarded 
as not exceeding 0'03 mm. 

^e error (d) in ai^ baseline is dependent on the several gradients of the 
individual wire-intervals, and is thus not to be computed without greater 
labour than the present discussion warrants. Ilie level-correction to a wire- 
interval is computed from 

Z=A» 

where h is the elevation of one terminal above .the other, and S is the 
wire-length. 


Sources of 

Prolntile 

Error. 
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By experiment, the probable error of a measure of A in the field does not 
exceed 1 '5 rmn Adopting this value, and, in place of the rektive elevations 
of the terminals of the individual intervals, substituting in any line the 
average gradient of an interval, ftf) will be found to be comparatively small. 
The mean gradients of the lines are : 

At Belfeat 1/35, Ottoshoop 1/112, Wepener 1/57, Kroonstad 1/49, and at 
Pietersburg 1/78. 

Since 

ft ^ ft 

from source (d) _ 

»’L= i •'•745 V-g-g-. - 

mm. 

= at Belfrst ± 1-2 

= „ Ottoshoop ± 0*4 

= „ Wepener ± 0‘8 

=: „ Blroonstad ± 0‘9 

= „ Pietersburg i 0‘7 

With respect to the error (e), the adherence to the line of the principal 
section-points and of the intermediate station points is so dose that, in view 
of the difltuuoes between such points, the resulting errors of measure are 
insensible. In setting the tripods, one may assume that the cylinder-heads, 
of which numbers are set independently from an instrument station, are each 
aligned within 6 mm., so that, in a wire-interval, the limit of the departure 
from the direction of line may be regarded as tlie angle subtended by 12 mm. 
at the distance of the wire-len^h, and the probable error of inclination as not 
exceeding the angle subtended by 2*5 mm. 


The linear correction is 



where s is the wire-length. 


In a complete base-measure, the probable error from the source (e) is 
rii= - *6745 71 

The computed values for this expression in the difiTerent bases are: 

At Belfest, Ottoshoop, Wepener, and ELroonstad— aU 0*02 mm., and at 
Pietersbui’g, 0*04 mm. 

Collecting the sources of theoretical error in a baseline, neglecting the 
effects of errors of alignment, and noting that the length is computed from 

where n is the number of wire-intervals, io is the adopted standard wire- 
length, 8 is the sum of the scale readings, and I is the sum of the level 
corrections ; the probable error of a single measure 

9*1, = ± *6745 • yv//***» + /***» + 


aud of the mean of three measures with a common standard 


ri, = ± *t746 * 

when the standards are independent, 
r = ± *6746 * > 


and 
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The following values for the symbols are derived from the measureSj 
or in the oases of fi, and m adopted from the results of special experiment. 







» 

6 



D 


At Belfast 


• • 



777 

mm. 

0-019 

miu. 

0-018 



mm. 

1-8 

„ Ottoshoop .. 


9 • 



716 

0-006 

0-018 

13*585 

IBEI 

0-6 

„ Wepener .. 





887 

0-004 

0-018 

16-3-21 

1-82 

1-2 

„ Kroonstad.. 


• • 



81-1 

0-007 

0-018 

16-710 

1-26 

1-8 

„ Pietersburg 


• 9 


• * 

1398 

0-006 

0-018 

26*467 

1-66 

1-0 


These give 


mui. 


For Belfast with constant standard, ri,=±liJ76 = 


Ottoshoop „ 


ri.=± 9*17=- 


Wepener „ independent stai idards i l = ± G '8 9=■ 


„ Kroonstad „ 


ri, = ± 6*16 s= 


Pietersburg „ constant standard ^ 1 ,. = ^ 17*86 = 


1 

1,880,000 

1 

1,902,000 

1 

3,889,000 

1 

8,220,000 

1 

1,902,000 


A. SIMMS. 
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REPORT OF MR. OOOHRANE ON BASE 
LEVELLINO. 


1. For observing the differenoes of height between successive tripod 
tops the iustrumeuts used were ;— 

(а) A Cooke’s reversible en^neer’s level, or a Troughton & Simms’ 12-in. 
dumpy level, both being available. They were equally suitable, 
and were used instead of the small instrument supplied with the 
Jaderin Base appamtus because, being of greater optical power, a 
larger number of tripods could be seen from one position, and, being 
heavier, the trouble £:om vdnd vibrations was reduced. 

(б) The Staff supplied with the Base apparatus was two and a-half 

metres long, graduated on one side to decimetres and centimetres, 
and on the other to sevenths of a metre and decimals of that 
seventh. The former divisions were in black, and the latter red. 
A weak point was that the graduations were printed on paper 
gummed upon the staff, and after a little friction from use and exposure 
to damp the paper peeled off. This staff was used for a time, but 
was soon discarded, and a staff made by Messrs. Troughton & Simms, 
the private property of Mr. A. Simms, was substituted. It was 
divided in the same way, but painted directly on the wood. The 
staff was four metres long and was made to telescope down to a 
length of 2*2 metres for use on level ground. A small circular level 
was attached to enable the staff-holder to keep the staff in a 
vertical position while it was being read. 

2. So soon as the base measurers left a pair of tripods, the staff-holder 
placed the staff on the top of the back tripod, showing the red face, graduated 
to sevenths, first, and then the black face graduated to decimetres ; then he 
passed on to the next tripud and did the same. After entering the readings 
of the staff for the two tripods, the difference of height as measured on the 
black feme was compared with that on the red face by multiplying the former 
by seven, and a check was thus obtained before the staff-holder passed on to 
the following tripods. So soon .as the differences of height were checked, 
native runners carried the tripods forward for continuing the aligmnent. 

3. The tripods were numbered consecutively, and care was taken, in 
placing, to keep them in numerical order, and thus minimise the risk of the 
leveller omitting any of them. 

4. It was necessary to select a tall strong native to act as staff-holder, 
because the lower end of the staff is some distance from the ground, and in a 
high wind it is difficult to hold it vertical. 

5. On comparatively level ground, the successive differenoes of height 
between the whole set of ten tripods was sometimes observed without its 
being necessary to take up a fresh position with the levelling instrument. 
But the line was seldom flat enough for this, and usually only three or four 
tripods were observed from one position. In a few places the gradient was 
so steep that the four-metre staff’ was not long enough to include even one 
difference of height between two tripods, and an intermediate point had to 
be used, the staff being placed on a metal foot rounded at the top and having 
four spikes underneath for driving into the ground about midway between 
tbe two tripods. If the ground was very stony, a sharp-pointed rook could 
generally be fotmd to use mstead of the metal foot. 

6. With two aligners placing the tripods, and the measurers using only 
one wire, the leveUer has hard work to keep up with them on an average 
gradient. On very steep parts of the line, where the instrument had to be 
constantly moved to a new position, the measurers were sometimes kept 
waiting. 

T. The following tables (A and B) were formed for reducing the measured 
lengths to the horizontal from the formula :— 

— _L 

2L + 8L“ I 6 l 7 
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Table A. 


ARGUMENT: DIFFERENCE OF HEIGHT ON BLACK FACE 

(DECIMETRES). 


Ah 

0-0 

0-1 

0-2 

0-8 

0-4 


B 

0-7 

0-8 

0-9 

dm. 

mm. 

mm. 


mm. 

mm. 

mm. 

mm. 

iniD. 

mm. 

mm. 

0 

. • 

0-002 


0*018 

0-083 

0-061 

0-074 

0-100 

0-181 

0-166 

1 


0-248 


0-847 

0-402 

0-461 

0-626 

0-698 

0-664 

0-740 

2 


0-904 

0-992 

1-086 

1-181 

1-282 

1-886 

1-495 

1-607 

1-724 

a 

1-845 

1-971 


2-288 

2-870 

2-512 

2-667 

2-807 

2-961 

8-119 

4 

8-281 

8-447 

8-617 

8-791 

8-969 

4-162 

4-889 

4-680 

4-724 

4-928 

6 

5-127 

6-884 

6-646 

5-760 

5-980 

6-208 

6-481 

6-662 

6-898 

7-188 

6 

7-888 

7-681 

7-888 

8-189 

8-400 

8-664 

8-988 

9-206 

9-488 

9-768 

7 

mnutm 

10-888 

10-681 

10-929 

11-281 

11-586 

11-846 

12-160 

12-478 

12-800 

8 

18-126 

18-456 

18-791 

14-180 

14-478 

14-819 

18-170 

16-626 

16-888 

16-247 

9 

16-614 

16-985 

17-861 

17-741 

18-124 

18-612 

18-904 

19-800 

19-701 

20-105 

10 


20-926 

21-843 

21-764 

22-188 

22-617 

28-060 

28-487 

28-928 

24-378 

11 

24-828 

26-277 

26-785 

26-197 

26-662 

27-182 

27-606 

28-084 

28-667 

29-068 

12 

29-644 

80-089 


81-040 

81-647 

82-069 

82-676 

88-094 

88-618 

84-145 

13 

84-677 

86-218 

86-768 

86-297 

86-846 

87-898 

87-966 

88-616 

89-080 

89-649 

14 

40-222 

40-799 

41-880 

41-966 

42-666 

48-149 

48-747 

44-349 

44-966 

45-566 

16 

46-179 

46-797 


48-046 

48-677 

49-812 

49-961 

60-694 

61-241 

51-892 

16 

52-648 

68-208 

68-871 

64-640 

55-212 

66-888 

66-668 

67-262 

67-940 

58-688 

17 




61-446 

62-168 

62-876 

68-698 

64-824 

66-068 

66-787 

18 

MJvyM 

67-267 


68-764 

69-619 

70-278 

71-041 

71-808 

72-678 

78-868 

19 

74-188 



76-496 

77-292 

78-098 

78-897 

79-706 

80-518 

81-886 


82-166 

82-981 

88-810 

84-648 

86-481 

86-828 

87-169 

88-019 

88-878 

89-781 

21 


91-469 

92-880 

98-206 

94-084 

94-967 

96-864 

96-746 

97-641 

98-640 

22 


100-862 

101-264 



104-026 

104-966 

106-888 

106-826 

107-766 

28 


109-660 

110-614 

111-672 

112-684 


114-470 

116-446 

116-424 

117-407 

24 

118-894 

119-886 

120-880 


122-882 


124-402 

126-418 

126-488 

127-462 

25 

128-491 

129-624 

180-660 




184-760 

185-807 

186-870 

187-986 

20 


140-080 

141-169 




145-516 

146-614 

147-719 

148-827 

27 

149-988 

161-064 

152-174 


154-428 

155-561 

166-698 

157-889 

168-985 

160-186 

28 


162-447 

108-009 

164-776 

1G6-046 

167-121 

168-800 

109-483 

1 

170-670 

1 

171-861 


Table B. 


ARGUMENT; DIFFERENCE OF HEIGHT ON RED FACE (SEVENTHS 

OF A METRE). 


m 

0-0 

0-1 

0-2 

0-8 



B 

0-7 

0-8 

0-9 

dm. 

TDm. 

mm. 

mm. 

mm. 

mm. 

mm. 


mm. 

IHMIl 

mm. 

0 

.. 



0-088 

0-067 

0-106 


0-206 

0-268 

0-880 

1 




0-707 

0-820 

0-941 



1-856 

mam 

2 

1-074 

1-846 


2-214 

2-411 

2-616 



8-281 


8 

8-766 


4-285 

4-657 

4-888 

5-127 

5-424 

5-729 


6-866 

4 

B|i|b:: 

7*086 

7-888 

7-788 

8-102 

8-475 

8-856 

9-246 

9-648 

JO-049 

T) 

bQE L 


11-818 

11-767 

12-205 

12-661 

18-126 


14-081 

14-571 

6 

hBE i 

15-670 

16.091 

16-614 

17-146 

17-686 


18-792 

19-867 

19-981 

7 

, i 



22-810 

22-926 

28-650 

24-182 

24-628 



8 

! 1 

27-471 

28-158 

28-845 

29-544 

80-262 


81-694 



9 

83-919 

84-677 

36-444 

86-219 

87-008 

87-796 

88-696 



BfBffH 

10 

41-882 

42-724 

48-575 

44-484 

46-802 

46-178 


47-966 

48-868 

49-767 

11 


51-613 

52-648 

68-491 

54-448 

66-404 

66-878 

57-860 



12 

60-888 

61-344 

62-868 

08-891 

64-427 

66-472 


67-687 

08*667 

69-786 

18 


71-917 


74-184 

76-264 

76-884 




80-986 

14 

82-160 

88-886 

84*624 

86-721 

86-926 

88-140 

89-862 


91-882 


16 

94-885 


96-878 

98-164 

99-444 

100-742 



wmmm 


16 

107-861 



111-486 

112-809 

114-192 

116-584 

116-984 

118-398 


17 



124-112 

126-668 

127-028 

128-491 


181-458 

182-946 

134-449 

18 

186-959 

■P rigJr4* 


140-642 

142-087 

148-640 


146-772 

148-861 

140-988 

19 

161-684 

168-188 


166-872 


169-641 

161-288 

162-948 

164-608 


20 

167-961 

169-651 

171-349 

178-066 

174-771 

176-496 

178-228 

179-969 

181 -718 

188-477 
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Tb.e table for the black face was ’written in black ink, and the other face in 
rod ink. 

8. These tables were computed for L = 24385 railliinetres. For greater 
(liflFerencea of height, the exact measured length was used for computing the 
correction for reduction to horizontal. The corrections to Tape-measures had 
also to be specially computed. 

9, The following extract from a Field Book shows how the observations 
were entered :— 



Diff. 

For check. 
li.fF. X 

clou 

M 

'7' 

+ 1-98 

1*85 

— 0-28 

0*16 

+ 1-56 

J-09 

-1- 1*0.3 

0*74 

+ 0’39 

0*27 


* Instmmoiit movod to a fresh position. 


10. From the above observations, the corrections for reduction to 
horizontal were derived from Tables A and B, as follows :— 


Set. 

1 

Tripods. 

Ill 

2—3 


8—4 


4—6 


6—6 


6—7 



A. COCHRANE. 
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REPORT OP MR. GUMMER ON ALIGNMENT OP 
TRIPODS DURING BASE MEASUREMENTS. 


1. The small aligning instrument supplied with the Jaderin apparatus 
was made to fit on the top cylinders of the tripods, but as it necessitated 
placing these always vertical and thereby causing d^y, it was discarded and 
two small theodolites were used. 

2. On all the baselines where only one measuring wire was used, it was 
found necessary to have two aligners, one to align a series of tripods and the 
other to go ahead and set up his instrument so as to be ready to continue the 
alignment so soon as the previous series of tripods was fixed. Before the 
measuring party went into the field, small flags were aligned at intervals of 
about 300 yards between the section points for use of the aligners. 

3. Por long distances a black vane with a white cross supplied with the 
apparatus’ was placed on the top cylinder of the tripod. {See Photo No. 29), 

4. It was found necessary over either very rooky or very soft ground to 
sling large stones on the tripods to ensure their steadiness. 

5. When leaving off a measure at any other than a terminal or sectional 
point, the position of the tripod was transferred to a wooden picket driven 
into the ground with a penoU mark on it. An a right angle was nob accurately 
set off from these points, the tripod of the instrument was, as a rule, left 
standing tiU the measurement was continued. On the rare occasions when it 
was removed, the points where the tripod lege rested were carefully marked 
and protected. 

6. A gjood deal of trouble was caused at the Wepener Base by cattle and 
sheep rubbing against the small flags on the base and breakup them off or 
knocking them down, and on sever^ occasions the aligner had to place his 
instrument by trial, which caused delay to the measuring party. The country 
in that district was bare of stones so no small beacons could be erected. 

7. The final adjustment of the cross lines of the tripods over the terminals 
and section points was affected by means of a theodolite placed at right angles 
to the alignment and three or four yards from it, accuracy being ensured by a 
striding leveL The instrument was also reversed on its axis to eliminate aU 
possible error. On steep gradients the striding level was always used in a 
similar way. One aligner as a rule fixed ftom 10 to 14 tripods over a distance 
of about 300 yards; the error of their alignment could not have exceeded 
•J-inch. 

8. The instruments used were carefully tested for icstrumental errors 
before leaving and on returning to camp. 


W. A. GUMMER. 


? 


( 14181 ) 
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THE “FOLLOWING” REPOBT OP MR. BANKS AS 
OBSERVER DURING BASE MEASUREMENT. 


1.—STRAINING APPARATUS. 

(а) The Jaderin apparatus was greatly improved upon by the introduc¬ 
tion of weights and pulleys’ in place of dynamometers. It was found that 
the straining poles could be manipulated by natives, who soon learnt what 
was required of them, and were in addition very steady at the time of taking 
the readings. The pulley Ijeaiings require to be frequently oiled to guard 
against friction. 

(б) With regard to suitable cords, many were tried, and it was found 
that the best for the purpose was the ordinary woven blind cord, which has 
no twist, and satisfactorily stood the strain for months under considerahlo 
exposure. 

(c) In attaching the cords to the weights, it is advisable tof have a spare 
end, which can be knotted loosely to the main cord, as it sometimes happened 
that the straining pole had to be placed a little farther away from the ti'ijjod 
th^ usual, consequent on uneven ground, &c., when in order to allow tho 
weight to hang free from the pulley, the spare end was used and the weight 
knotted near the end. In ord^ to have a proper control of the weight, in 
keeping it steady during measurement and free from grass and other 
obstructions, a native was specially detailed to look after it. (See Photos 
Nos. 17 and 18.) 


2.—WIRES. 

(a) The most important duty of the “ following ” observer was to take 
proper care of the measuring wires in uncoiling, coiling, and storing. In 
“Nature,” '7ol. 71, No. 1,832, M. Ch. Ed. Guillaume refers to an aluminium 
dram for this purpose. He does not describe it, but gives on illustration 
as to how it is used. 

(5) In a country like South Africa, where equipment has to be trans¬ 
ported along the base lines over rough roads and drifts, a drum like the one 
shown would, unless very caiefully packed, soon become useless through 
dents, &c., and, considering that tlie wires can be uncoiled and coiled vbry 
easily, and with safety after a httle practice, a coiling drum can be dispensed 
with. 

(c) The operation of untiling a wire is very simple. One end of the 

wire is held at the swivel, while the manipulator holds the remainder of the 
^ils m hie hand in such a way that the scale lies in the hollow of hie hand. 
He then walks backwards, paying out hand over hand, always taking care 
to gnp tbe coils where the scale lies. This prevents the scale swinging 
and so weakening the wire at the junction with the scale. It is safer for the 
mampulator to walk backwards than for the one holding the swivel to do so 
8B tuore is Igsb chauce of jerking, ^ ^ 

(d) ^ coiling the wire after use, it is again held at one end by the 
swivel m other end is grasped at the scale, in the left hand. The right 
hand is then stretched out and takes hold of the wire at an arm’s length 
mth the thumb and fore-finger. Then, with a gentle swing in a left-handed 
diTMtion, at the s^e time stepping forward a pace, he completes a single 
coil, which IS hdd in position by the left hand. The person holding §ie 
swivel muflt also in this case stand still, and watch that the swivel turns with 
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every coil, otherwise there is a chance of the wire kinking. This operation 
is repeated until the whole wire is coiled, when it is tied in two places, near 
the scales, and hung in a safe place for the night. 

(e) For transport purposes, to or from the base-line, the wires were 
packed in wood-shavings in a shallow box. 

(f) When the wires were stored for any time, they were first cleaned 
and then smeared with a small quantity of vaseline, which was always wiped 
ofi before further use. They were also wiped every time they were nncoiled, 
as the operation of uncoiling causes them to touch the ground. 

(ff) It is suggested that the spindles and sockets of the swivels should 
be properly lathe-turned, so as to ensure a free and correct movement. Those 
supplied with the wires were not of this kind, and, until they had seen some 
service and been worked by hand, occasionally gave some trouble. 


3.—MEASURING THE INTERVAXS. 

(a) After the initial tripod is set over the terminal block, it is the duty ol 
the following observer to carefttlly watch that the tripod is not touched in any 
way. He must also see that the strainer, in placing uis pole and bringing thu 
scale of the wire into position, on this and all sul^equent tripods, does not 
knock them. If this happens, the following-observer must call for a 1 ‘epetition of 
the previous interval to make sure whether the tripod lias been moved or not. 
When the wire is hooked on, and the strainers have brought it into position 
(that is, lightly touching the tops of the tripod cylinders), the following 
observer, after making sure that the wire is not in contact with any gross or other 
obstacle, and is lunning free on the pulleys, takes hold of the scale lightly 
with thumb and finger of the left hand, and brings the zero division in con¬ 
junction with the cross division on the cylinder. He may steady the scale by 
letting one fiuger come in contact with the side of the tripod cylinder, but 
must take care not to giip it, as the wire must run entirely free. As soon ns 
he sees the scale steady, he makes an aociu’ote setting with the aid of a reading 

S lass, gives the signal to the observer at the other end of the wire, who takes 
16 reading and hooks it. After the reading is taken, the wire is raised by 
the strainers and brought to one side away mim the tripods, so that, in releas¬ 
ing tbe weights from the wire, there is less chance of a tripdd getting a knock. 
The wii’e is tlieii nnliouked and the party proceeds, the two observers carrying 
the wire, the obsei'ver at the following end watching that the wire is not sub¬ 
jected to any rough treatment. This is essential in uie case of uneven ground, 
fences; or bush, 

(It) If a wire-fence crossed the line of measurement, the measuring wire 
was passed through the fence at about the height required, and one of the 
weight carriers was sent to hold the strand in the fence away from the mensur- 
ing wire, to ensure that there was no chance of its catenary being altered. 
"VS^en long grass was encountered it was trampled down or cut. 

(c) The reading glasses supplied were made to fit on the cylinders of 
the tripods. This is not really necessary as it means waste of time, and, 
moreover, a possibilitj of movement of the tripod in fixing the glass to the 
cylinder. A gloss with on attachment about tlxree inches long terminating in 
a ring to fit the little finger of the hand answers admirably. The observer can 

S it hanging on the finger without it interfering iu any way with the 
ing of the wire. 

(d) The two carrying rings are not required, especially when the wii e 
is fitted with a ring between the scale and the swivel, large enough to admit 
of one’s finger. \^^en it was found necessary to “ hang up ” the wire tempor¬ 
arily, the weight oaniers were entrusted with it, bolding it by a piece of 
wood passed through the hook of the swivel, the wood being gripped securely 
with a finger on each side of the swivel. This method was found to answer 
very satisfactorily, especially when two wires were in use, and wire carriex's 
were required. 

(14181) P 2 
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4.—STAI^DAEDISATION OF WIEES. 

(а) On a partiallj cloudy day, it was foimd that the levels on the rods 
of the transferriag apparatus would not remain steady, because of the heating 
and cooling of the metal of the stands. A slight breeze on a clear day also had 
the same effect The conical tubes of the stands were therefore covered with 
two or three thicknesses of flannel to obviate this, and the levels remained 
much steadier during observation, care being taken by the observer not to 
stand so as to throw a shadow on any of the foot screws. 

(б) When the party went to Johannesbtirg to lay down the ground- 
standards, the work on which had to be done without huts, a proper covering 
for the transferer stands was made in such a way that it sheltered the tube 
and also the foot screws from the sun’s rays. The covering consisted (see 
Photo No. 18) of a thick layer of cotton-wool wrapped round the tube and 
covered with calico attached to a cardboard circle fitted about three inches 
above the foot screws. This circle, which was also padded with cotton-wool, 
prpjected sufficiently so ajs always to keep the foot screws in the shade, provided 
the measurement did not take place when the sun was very low. With this 
covering the levels gave no trouble. 


E. H. BANKS. 
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REPORT OP MR. LOWINGER ON GEODETIC 

LEVELLING. 


1. The Levelling party, which, consisted of an observer, an assistant, 
and a transport conductor, with the necessary transport and camp equipment, 
was constituted in July, 1904, and after some time spent in preliminary work 
in Pretoria, began operations at Lourengo Mai-ques on August 15. 

Owing to the severe illness of the observer, and the near approach of 
summer, wmen it is impossible to work in the low veld, a gap was left in the 
work between Malelane, 88 miles from Lonrengo Marques, and Machadodorp, 
193 miles from the sea. Mr. A. Cochrane, of the headquarters staff, carried 
on the work from Machadodorp to Balmoral, connecting eti route with the 
South Terminal of the Belfast Base, and early in Decemher the officer in 
charge rejoined the party, completing the work as far as Pretoria by 
December 23. 

'After a fortnight spent in refitting, work was begun on the Pretoria- 
Germiston section. It was, however, found necessary to abandon this section 
temporarily, owing to the fact that the railway line was being relaid, and 
accordingly the party moved on to Germiston and began work on the 
Potchefstroom section. Potchefstroom was reached on March 7, camp was 
again moved to Germiston, and a start was made on the Kroonstad section 
on March 18, there having been several days’ delay owing to bad weather. 

On May 9 the termmal of the Kroonstad Base was reached, and the 
equipment was sent by rail to Pretoria, where ten days were spent in refitting, 
preparatory to moving to Malelane to connect the gap left between that 
place and Machadodorp. 

This portion of 105 miles was completed on July 16, and with the 
closing of the gap between Germiston and Irene, the field work of the party 
came to an end. 

Camp was once more moved to Pretoria, and the party was disbanded 
on August 10. 

The ground covered may be summarised as follows;— 

Miles. 


Lourengo Marques-Malelane . 88 

Malelane-Machadodorp .105 

Machadodorp-BaJmoral .102 

BaJmoral-Pretoria ... 54 

Preloria-Germiston... ... ... ... ... 86 

Germiston-Kroonstad . 126 

Germiston-Potchefetroom. 93 

Connections to Base Terminals . 7 


611 

This total does not include repeated measures, or backward measures for 
check, &c., which would bring the total up to 630 miles. 

The time occupied, including time spent in refitting and travelling, was 
almost exactly a year. 

2. In addition to the determination of the heights above mean sea level 
of the terminals of the Belfast and Kroonstad bases, the heights of perm^ent 
bench marks, at an average distance of ei^bt miles apart, were also determined. 
These bench marks, which are described elsewhere, were let into some 
permanent structure such as a station-buildii^ or the buttress of a bridge. 

With the exception of two small deviations to the terminals of the base 
lines, the whole of the levelling was carried along the railwaj line. In one 
or two oases an attempt was made to cut across country, but in every case it 
was found that, owing to the nature of the ground, a loss of time resulted. 

The experience gained in this work shows that the best route for the 
railway is also the best for the leveller, and that the railway also offers 
specim facilities in the shape of permanent structures for the emplacement of 
bench marks. 


P 3 


Introduc¬ 

tory. 
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Leve'llmg' 

Instrument. 


The 

Levelling 

Staves. 


The 

Standard¬ 

ising 

Apparatua 


3. the special features which distinguish this instrument from the 
ordinary engineer’s'level, are that the telescope can be rotated in its Y’s, 
and the levd reversed end for end. It is possible in this way to eliminate 
errors that would otherwise have had to be determined and allowed for. 

The only unsatisfactory feature of the instrument was the mounting of 

_ the glass tube in the carrier. This tube was fixed 

"if” into its biuss mo anting with plaster of Paris,and the 

^ expansions of brass, ghiss, aud plaster of Paris being 
m \ frt unequal, the result was that in the extreme heat 

] Ln to which the tubes were exposed in the sumfner, 
AV / spare levels cracked, and it was necessary 

\\ Ja ^ oi*der from the makers others so mounted os to 

allow for expansion. 

curious coincidence, the original level in 
—I use on the instrument was the only one which did 

not crack, and in fiict it lasted throughout the 
J I 1 P* whole of the work, a very fortunate circumstance, 
/ \ ^cr some time, there were no spare levels 

yT x\ available. 

[_// Notb. —An order was sent, in Seiitomher, 1904, 

/ \ makers, Ponthus & Therrode, for new brass 

I I pieces which should take the glass tubes in such 

I J ^ ^ allow of their free expansion or oon- 

\ j traction, and these became available in February, 

y 1905. One of these is shown in the photograph of 
the instrument, Photos Nos. 7 and 8. The 
- . luu-rgiuol sketch shewsthe mounting on a large scale. 

4. The trijjod is of the usual type, constructed of well-seasonocl wood. 
A groat oouvenienco has, however, been introduced by lujiking the top on 
wmch the instrument rests an adjustable one. It works on a spherical head 
(Photos 5 and 6), and can be placed approximately horizontal without tlie 
trouble of contmually shifting the legs of the tripod. It also obviates the 
necessity of turning the levelling screws more than half a revolution. 

5. The instinmcnt is attaclied to the stand by a long screw projecting 
^ough the head of the tripod and fitting into the base of the instrument, 
ito screw works against a spring in a socket below the head of the tripod, wul 
allows sufficient elasticity to the connection to prevent a strain on the instrument. 

D. Ine levelling staves, of which two pairs were used, are made of 
seasoned wood. Eacm staff consists of two pieces, each 3’2 m. long, and each 
mtn a gradi^ted face. These may be clamped together in such a way us to 
lorm one staff of that length vsdth two graduated faces, or the pieces mav be 

packed face to face for transport. i' uc 

One face, hereinafter o^ed Face 1, is graduated to centimetres, the other, 
or -cace 2, to ap. arbitrary scale which bears a ratio of 11:9 to the centimetre 
e. ine divieions are pitted in black on a white ground, and are vemark- 
apiy clMr even at the maximum distance at which the staves were used, 

-i controls its verticality, while a handle fitted io 

i^st^tiw^^^ together with a stay as shown in Photo No, 15, ensure 

One of the pieces of which the staff is composed is shod ivith iron and 
d^g observa^n the staff is held on a steel pin with a spheiical turned head 
These pins are from 6 to 12 inches in length, according J the naS of The 
^6 iron plate, perforated to receive the pm, rests on the ground, 

^e head of the pm m dnven home to this plate so that the vertical hjght of 
the pm IS not affected by the superposed weight of the staff ^ 

a hrflL “ detaining the length of the staves consists of 

a biuM B(^6 let mto a groove m the surface of a wooden fiume. This brass 

TT? ^ ^ ^ centimetres and 

18 of the same length, viz,, 3*2 m. ’ 

a division of this scale, however, changes appreciaUv with 
temperature. In order to reduce the value of a division to the ti^perature at 
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which it is eq^ual to the standard centimetre, a thin steel bar of the same 
length, and fixed in the same way, is added. This is ginduated at its 
exti’emity with a very fine scale, and jforms with the brass a metallic ther¬ 
mometer, by means of which the temperature can be obtained. 

^I'he two scaJes are fixed at one end to a bronze plate connected with a 
micrometer screw. This enables the observer to measure, in teims of this 
screw, the displacement of any division of the staff with respect to the 
corresponding division of the brass scale—in other words, its distance from 
the zero. • 

A specially adapted microscope, which fits on the frame carrying the metal 
scales, is used in making the observations. 

Photos Nor. 22 and 28, show the arrangement of the standard and staff 
in making the comparison. 

8. The following are the results of the cotnpMisons of the Staves with the OompanBon 
Standard. They were always compared immediately before being taken into 
the field, and again immediately on return, several comparisons bemg made at 
each epoch, the mean of which is given here :— 

STATES L & II. 


Duto of Gompai'ison. 


1904. 

July 28 

September 9 .. 

„ 10 .. 

„ 26 .. 
December 8 .. 


190i5. 


January 18 
March 27 
„ 80 
„ 81 
May I.*) 

„ 22 
June 20 
„ 20 
July 8 .. 
August 18 


OoiTOotion per Metro. 

staff I. 

Staff U. 

Face 1. 

Face 2. 

Face 1. 

Faco 2, 

UlUl. 

mm. 

mm. 

mm. 

+ -28 • 

+ -20 

+ -55 

+ -20 

•80 

•17 

•57 

*31 

•27 

•24 

-.58 

•80 

•82 

•20 

•00 

•30 

•2i) 

•20 

•53 

•29 

•83 

•24 

•56 

•32 

•8U 

•28 

•05 

•40 

•41 

•33 

•06 

•41 

•39 

•84 

•06 1 

•38 

•48 

•.35 

•08 

•37 

•40 

•82 

•04 

•41 

•29 

•10 

•49 

•18 

•29 

•23 

•48 

•38 

•27 

•21 

•58 

•32 

•19 

•11 

•48 

•26 


STATES 111. & IT. 



OoiTecdou per Metre. 

Date of Oomparisos. 

staff Lll. 

Staff IV. 


Face 1. 

Face 2. 

Face 1. 

Face 2. 

1904 

July 28 • • • ■ • • 

August 29 

December 1 

1906. 

February 1. 

March 15 

April 4 •. . 

June 18 . 

August 10 . 

„ 18 . 

mm. 

+ ‘46 
•60 
•56 

•68 

•68 

•68 

•67 

•48 

•66 

tnm. 

+ *18 
•20 
•18 

•16 

•26 

•83 

•24 

•13 

•13 

mm. 

+ '.62 
•48 
•61 

•60 

•68 

•60 

•58 

•42 

•43 

mm. 
f -84 
•86 
•36 

•37 

•47 

•60 

•41 

•26 

•29 
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0. There is scarcely sufficient time covered by the comparisons to fonn 
any very definite opinion as to the laws governing the changes of length. 
Broadly speaking, there seems to be two epochs, one from June to Febniary, 
or a summer epoch, the other from February to June, or a winter period. 

10. The very large change in Staves I. and 11. between May 22 and 
June 20 occurred on the Malelane-Machadodorp section, and can only be ez- 

{ )lained as the effect of the climate of the low veld on the staves, which 
engthened enormous^. This was detected in the field reductions, and the 
other pair (IIL and IV.) were sent for. An inspection of the figures given for 
the comparisons of June 13 and August 10 shows that the same change 
occurred in this pair of staves on being taken to the more humid climate of 
the Eastern part of the Colony. 

Scale- 11. The following are the Scale-values adopted for the different sections :— 

Values. * 



STAVES I & n. 
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Wliere two bracketed yalues are given, the adopted yalne for any day or group of days baa been obtuned by interpolation generally “wedc by week. 
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Methods of • 12. (fj) During work in the field two staves, called respectively the hack- 

obserration forward staff, were used. The distance between them vfU’ied 

putaton'of aceorHing to the gradient and the state of the atmosphere,^ the^ determining 
heifhts. factor in the former being the necessity of having all three wires in the instru¬ 
ment projected on the staff. 

(6) The distance of each staff fi.’om the instrument, which was placed 
exactly midway, was limited to 100 metres. Only in very exceptional cases 
was this limit materially exceeded. 

(c) The actual observation of the difference of level between two points 
consisted in the reading of the three wires on both forward and backward 
staves in both positions of the instniment, the reading of the level for each 
reskling on the staff being noted. This was done for both Face 1 and Face 2, 
so that each observation gave two determinations of the difference of level. 

(d) An example of a typical observation is hei’o given:— 

Date 2.8.05, p.m. 


Siglii Numbor, 

Sl&iX* 

Position of 
IiiBlrumonL 

Beadinp^s on 
StvS. 

Lere] Readings. 

4G 

Back 


1 

(«) l-12f> 

4-736 

3 •023 

0 * 

0*6 

K* 

0*8 

i 


1 

(h) 32*82 
33*36 
38*23 

0*6 

0*3 



? 

(o) 32*81 
33*33 
38*26 

« 

0*9 

-0*1 ■ 



2 

1 

00 1*44 

4*78 

8*07 

0*9 

-0*1 

46 

Forward 

4 

2 

CO 21*23 
24*47 
27*74 

0*1 

0*7 



2 

(/) 49*08 
61*08 
64*88 

0*1 

0*7 

: • 


1 

(S) 49*00 
61*68 
64*88 

-0*6 

1*86 



1 

(A) 21*18 
24*47 
27*70 

-0*6 

1*86' 


* 0=0bject glaas end; E=Blye-pieoe end. 


(e) The data required for the reducticfti of the observations are:— 

(1) The correction for scale-value of the staves. 

(2) The distance from the instrument to the staff 

(3) The value of one division of level. 

[^) The scale-value of the staves has already been dealt with. The 
foliowii^ table, derived from observations noade in July, 1904, gives the 
length in metres on the staff intercepted by the. wires at various distaiuces:— 
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Interval iaterccpted on Staff. 

DisLance. 

- - 


. 


FacoB 1 and 2. 

fade 1. 

Face 2. 

m. 

in. 

HI. 

in. 

10 

O-OOfi 

-018 

•048 

20 

0*19() 

•000 

*097 

»0 

0*291} 

*149 

*147 

40 

0*396 

-100 

*197 

CO 

0*496 

•240 

*247 

fiO 

O'Con 

•300 

*296 

70 

o-noc 

*860 

*846 

HO 

0-705 

•400 

*896 

00 

1 o-fton 

*460 

*446 

100 

0-005 

*601 

*494 

no 

1-005 

*661 

*644 

120 

1-105 

*001 

*694 


These figures show that, for all practical purposes, the distance may be 
taten as one metre for every centimetre intercepted between the oxti*eme 
wires, or for every fifty millimetres intercepted between the centre and either 
of the outside wires. 




Four determinations were mode of the value of one division of level, 
as follows:— 


1904, June 

1905, January 
„ March 

„ May... 


29-0 

28-6 

27-0 

2C*8 


Tlie determination of June, 1904, was usedfi-om the start at Loxirougo Marques 
till March 7, 1905, after which the value derived fi’oni the observation of 
Mai'ch, 1905, was adopted. The following table gives the coiToctioirs ibr level, 
in terms of the units of the two firces of the staves;— 



1 DiviHion of Level = 29' 

DiHiance. 



Face I. 

Face S 

m. 

mnru 

mixL 

10 


•U12 










50 

*070 

1 ^ 


*086 


70 

*099 


60 

•113 



•127 


100 

*14J 

*116 


1 Divudou of Ijovel = 27" 


face 1. 


nun. 

*018 

•026 

•089 

*062 

*066 

•079 

*092 

*105 

•118 

*181 


face 2. 


mm. 

•oil 

*022 

*082 

*043 

*064 

*066 

*076 

*086 

*097 

*108 


As the coiTections for level were always kept as small as possible, and as, over 
a long series, these corrections would certainly tend to eliminate each other, 
practically no difference would be introduced by using a progressive cbange in 
the level values. The corrections have therefore been applied as above stated. 

(h) With the data given in paragraphs 11 and 12 (/ and g), it is now 
possible to give an example of the reduction of the observation quoted in 
paragraph 12 {d). The reduction is effected as follows :— 

Distance of staff p 
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Means of 
Readings. 

dm. dm. 


I a) 4*7281 
d) -747/ 
&) 35-5331 
c) '540j 
e) 24*4801 
h) *450 J 
/) 51*6971 
g) *670/ 


4*738 (A:) 
35*537 {1) 
24*465 (m) 
51*684 (n) 


Gorreotiona for 

OorrectionB for 

leTBl. 

Scale-valuo. 

div. 

dm. 

-0*30 

+0*002 

-0*30 

+0*001 

+0*61 

+0*011 

+ 0*61 

+0*008 


Face 1. 

dm. 

(m)-(A) =+L9*727 

+ 0*91 X 0*087 =+ '079 


Face 2. 

dm. 

(»l)-(Z) = + 16*147 
+0 91 X 0*071 =+ *065 


Scale value + *009 

+19*815 +16*212 

+ 19*814* 

Scale value + *007 

=+19*8.15 Fs =+19*821 

• 16*212 mcltiplied by 1*2222, the ratio of F, to the metro soalo. 
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BENCH MARKS. 

18. Figures 1 and 2 show the types of Bench Mark used. These were 
emplaced at an average distance of eight miles apai-t in convenient permanent 
structures, such as S^tionhouses, Buttresses of Bridges, or Culverts. 

The following is a complete list of the Bench Marks so emplaced:— 


Sbotion: LouEsasigo Maequbs to Pbbtoeia. 


Bench 

Mark. 

Height ‘ 
above • 
Mean Sea 
Level. 

Where Placed. 

(B. = Bafltem or Louren^o Marqnea oiid of lino or portion of line; 
W. = Weatorii or Pretoria end; N. or S. = NortUorn or Southern aide* 
with respect to above E. or W.; B.M. = Bench Mark; ILP. = Mile post 
or posts.) 

0 

Eng. ft. 
16'9 

In power-house on wliarf opposite to W. end of Loui’eii^o Marques rail¬ 
way station. (This benoh mark Los subsequently been damaged, and 
is now of no use.) 

1 

108-8 

Mochava station, kilo. lOM. Upright B.M. in front wall, facing lino, near 
B. corner of the old Mochava station, N. side of disused liiu^ This 
Station is =b •^kilo. N. of the now station of tho same nmuo. 

2 

806-7 

Peasene elation, kilo. 38. Upright B.M. in W. wall of stono building—^tho 
W. of two buildings. 

8 

889-8 

Large bridge near kilo. 72. Flab B.M. ou top of E. abiibraeut, N. side of 
lino. 

4 

894-3 

Keoflaiio Oarcia Hlution, kilo. 87. ilpi-ight B.M!. uiulor stops in W. vrall of 
signal (»bin, S. of lino and opi,iosito to tho railway station. 

6 

421-7 

Large Bridge over Komati Uivor, about •]^miln E. of Somali Poort station. 
Flat B.M., B. of lino, on top of first pior from W. abutment. 

6 

784-3 

Tenbosch station, N. side of line. Upright B.M. in wall of railway 
station, £^.B. corner. 

7 

960-0 

Oorsprong station, H. sido of lino. (Tpright B*M. in E. wall of station, 
near N.K corner. 

8 

870<i 

lleotor-spruit slation, “N. side of line. n})riglil B.M.noar S.E. corner in K 
wall of gangej'’s cottage, No, 408, close to and W. of railway station. 

9, 

1004-2 

Bridge No, 26, about A-milo B, of Malolaiui station. Flat B.M. on top of 
W. abutment, N. side of lino. 

10 

1089-0 

Bridge No- 38, near 97J M.P., about 1J miles W. of Rockvahj. Upright 
B.M. in E. abutment, N* side of lino. 

11 

, 1286-1 

1 Bridge No. 67, at 100 M.P., near Ross siding. Flat B.M. ou top of W. 
abutment, S. aide of line. 

12 

1676-2 

Brid^ No. 82, near 118| M.P., about 1 mile W. of (Irocodile Poort station. 
Upright B.M. in W. abutment, S. side of lina 

18 

1829-1 

Bridge No. 92. between 120 and 120^ M.P., 1} miles B. of Mayfwr. Plat 
B.M. on top of B. abutment. 

14 

• 

2164-7 

Bridge No. 98, between 126^ and 126} M.P., about-i-mile B. of Nelspruit 
station. Upright B.M. in B. abutment, S. side of Ime. 

15 

2280-9 

Bridge 106, near 183} M.P., about |-naile W. of Oaim. Upright B.M. 

in W. abutment, S. side of lino. 

Ifi 

2424-1 

BridTO No. 116, near 142A M.P., about 8} miles B. of Alkmaar. Upright 
B.M. in B. abutment, S. side of line. 

17 

2757-8 

Brid^ No. 186, near 162^ M.P., about i-mile E. of Elandshoek. Upright 
B.M. in W. abutment, S. of line. 

18 

2968-0 

Brid« No. 144, over Godwan River, near 160 M.P. Flat B.M. on top of 
Wa abutment, N. side of line, 







Bench J!iiAJEiES-r-con2«nuec2. 

Section: Lourenpo Marques to Pretoria—conto'nuec^. 


Bench 

Mark. 

Height 
above 
Mean Sea 
Level 

1 

Where Placed. j 

1 

19 

Eng. ft 
8414*7 

Bridge No. 155, between 169} and* 170 M.F., about 1 mile E. of Airlie. 
Mat B JiL on top of E. abutment, S. side of line. 

20 

8688*6 

Bridge No. 168, near Sycamore aiding, at 176:]^ M.P. Flat B.M. on top oE 
W. abutment, S. aido of line. 

21 

8919*5 

Bridge No. 166 (Western of two bridges), nnar 180} M.P. Upright B.M1 
in K abutment, N. side of line. 

22 

4886*1 

In wall at entrance to tunnel between Watervol Boven and Waterval 
Ouder. Upright B.M. in Ifi. face of wall, N« aide of line. 

28 

4422*2 

In wall at entrance to tunnel boiwocn Waterval Boven and Waterval 
Oudor. Upright B.M. in W. face of wall, N. side of Uua 

24 

4781*0 

Bridge at 188} M.P., abont 2f miles W. of Watorval Bovon. Upright 
B.M. in W. abutment, N. side of line. 

01 

6113*9 

Maohadodorp station, N. of line. Upright B.M. in wall uf station, facing 
line. 

02 

5796*1 

Onlrert at 202} M.P., about }-mile E. of Dalmanulha station. Flat B.M. 
on top of culvert, 8. side of line. 

08 

6807*1 

Belfast station, N. side of lino. Upright B.]i£. at back of station near 
N.W. comer of wall, facing Belfast. 

04 

6107*1 

danger’s cottage, No. 440, N. side uf lino, near 221} Mf.P., about 5 miles 
E. of Woiiderfontein. Upright K.M. in W. wall of oottago. 

03 

5644*0 

Oulvert at 230} M.P., about 3} miles E. of Aruutt. Flat B.M. on top of 
oulvort, B. side of line. 

06 

5278*7 

Bridge No. 184, near 287} M.P., abrnt 2} miles E. of Pan. Flat B.M. on 
tup of E. abutmeut, N. side of line. 

07 

5180*4 

Onlvert No. 188, near 245} M.P., about 1} miles E. of Derwent. Upright 
B.M. low down on S. side of oulTerf. 

08 

4815*8 

Middelburg station, N. side of line. Upright B.M. in W. wall of station, 
noar restaurant. 

09 

5061*4 

Oulvert between 262 and 262} M.P., about 1} miles E. of Hillside. Flat 
B.M. on top of culvert, a. sido of lin& 

010 

4718*4 

dreat Olifants Biver station, S. side of line. Upright B,M. in E. wall of 
station, near S.E. corner. 

Oil 

5164*4 

Witbauk station, N. side of line. Upright B.M. in W. wall of station. 

012 

4989*7 

Oulvert at 286} M.P., near and E. of WaJrefield. Flat B.M. on top of 
onlvert, S. side of line. 

018 

4768*2 

Balmoral station, S. side of line. Upright B.M., level with ground, in R 
foundation of signal box noar N.E. comer of station. 

014 

4715*7 

Oulvert No. 206 at 297} K.P., W. of and near ganger’s cottage No. 464, 
abont 8 miles W. of Grown Douglas siding. Flat B.M. on top of 
oulvert, S. sido of line. 

015 

4504*6 

Bridge No. 208, between 803} and 808} M.P., about 2 miles W. of Wilge 
Biver station. Upright B.M. in E. abutment, S. side of line. 

016 

4520*5 

Bridge No. 211, K of and near Bronkhoratsprait station. Upright B.M. in 
w. abutment, N, side of line 
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BiatsrcH Masks— cantmued. 
Section: Louren 9 o Marques to Pretoria. 


Bench 

Mark. 

Height 
above 
Mean Sea 
Level. 

Where Placed. 

017 

Eng. fb 
4781-4 

Fercydale siding, N. side of line. Upright B.M. in E. wnll of No. 2 
cottage—^the K of two cottages. 

018 

4768-2 

Bridge Na 214, near 8214 M.?., about miles W. of Elands Bivor 

station. Upright B.M. in W. abutment, S. side of line. 

019 

4686-7 

Brid^ No. 217, near 826^ M.P., about |-milo E. of Van der Murwo aiatlon. 
Upright B.M. ill E. abutment, S. side of line. 

020 

4420-8 

Bridge No. 220, between 330i and 380f about miloa B. of Pienaars 

Poort Upright B.M. iuE. abutment, 15. side of lino. 

021 

4290-5 

Bridge No. 223, near 335^ M.P., about 1J miloa B. of Hatlierloy. Upright 
B.M. in W. abutment, N. side of lino. 

022 

4255-1 

Bridge Na 22o, near and B, of Silverton siding, 34Of M.P. Upright B.M, 
m W. abutment, N. side of line. 

028 

4344-7 

Culvert No. 227 in Koedoospoort, about j^milo W. of Koodoospoort station. 
Upright B.M. in K abutment, S. eiao of line. 

024 

4426-7 

Bridge No. 288 on Delagoa Bay line, near junclion of Johannesburg lino, 
close to Pretoria Nation. Upright B.M. in B. abutment, S. side of 
line. 

26 

4848-9 

Government Buildings, oprosite Grand Hotel, Market Street, Pretoria. 
Upright B.M., pro^tod by iron box, iu B. wall near N.B. oorucr. 


SBaEioN: PsBTOEiA TO Gbemiston. 


Bench 

Marks. 

Height 
above 
Mean Sea 
Level 

Where Placed. 

(N. = Northern or Pretoria end of line or portion; S. = Southern or 
Germiston end of line or poi*tioL.) 

26 

Eng. ft. 
4721-0 

Irene Brid^ 8. of Irme station, near 8694 M.P., Upright B.M. in S. abut- 
ment, w. side of Ima 

27 

4802-2 

Oulvert at 8614 M.P^about ^mile S. of Pinedeue station. Plat B.M. on 
top of onlvert, W. side of line. 

28 

6026 6 


29 

5264-1 

*■** ■» *»? 

•30 

5288-2 


81 

6555-9. 
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Bexoh Marks— continued . 
Section: Gbrmiston to Potohhfstroom. 


Heig^ht 
Bench above 

Marks. Mean Sea 
Level. 

Engr. ft 
32 5462-8 

38 5700-0 

84 562M 

85 5568-4 

86 5761-9 

87 5688-0 

88 5618-8 

39 5467-2 

40 5224-2 

41 4994-9 

42 4912-9 

43 4881-9 

44 4676-5 

45 4598-4 

46 4495-1 

47 4488-8 


Where Placed. 

E. = Eastern or Gtermiston end of line or portion; W. = Western or 
Potohefsti-oom end of line or portion. 


Bridge over mine bne, abont ^mile E. of Driehoek station. Flat B.M. on 
top of W. abutment, N. of lines. 

Park station. ^ Upright B.M. in E. wall near S.K oomor of lavatory on 
Park station platform, between up and down lines. 

Culvert at 11} M.P., about J-mile E. of Langlaagto station. Upright 
B.M. on & side of culvert. 

Culvert about 280 yds. W. of 16J M.P., f-mile W. of Maraisburg station. 
Upright B.M. on S. side of small culvert near to rood crossing 
line to W. 

Culvert about 80 yds. W. of 28^ M.P. Upright B.M. between up and 
down lines, in W. wall. 

(This culvert has subsequently been covered over, so that the B.M. 
is not accesaiblo.) 

Culvert No. 24 at 294 M.P., about ^-naile* W. of Emgersdorp station. 
Upright B.M. on N. side of Potchefstroom line. 

(A portion of the Zeej-ust line has since been laid alongside the 
Potchefstroom line, and the BfM. is now buried under 
Zeerusc line.) 

Culvert halfw^ between 85} and 86 M.P., |-inile B. of liandfontein 
station. Upright B.M. on S. side of culvert. 

Culvert about 100 yards W. of 40} M.P., about 4J miles W. of llond- 
fontein station. Upright B.M. on N. side of culvert. 

Bridge No. 27, near 45} M.P., between RaiKlfoutoin (30J) and Bank 
(53^ in.) stations. Flat B.M. on first pier from W. abulmeub, N. side 
of Ime. 

Bridge No. 29, between 62} and 524 M.P., abont J-iuilo E. of Bank 
station. Plat B.M. on top of middle pier, S. side of line. 

Culvert, about 160 yds. W. of 61}M.P., J-mile W. of Oberholzer siding. 
Upright BJkL on S. side of culvert. 

Bridge No. 80, between 69 and 69} M.P., about 1 mile W of Welverdiend. 
Upright B.M. in K abutment, S. side of line. 

Bridge No. 81 at 80} M.P., }-mile E, of Prederiokstad station. Upright 
B.M. in E. abutment, N. side of line. 

Bridge No. 88, about 160 yda E. of 86} M.R, }-mile W. of Boskop. Up¬ 
right B.M. in E. abutment, N. side of line. 

Culvert No. 84, about 160 yds. E. of 91} M.P., 6} miles W. of Boskop, 
Upright B.M. on S. sido of culvert. 

BridTO No. 36, near 98 M.P., 8} miles E. of Potchefstroom station. Flat 
B.M. on firat pier from E, abutment, N, side of line. 
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Bench Marks— continued . 
Sbotion: Gbrmibton to Kboonstad. 


BeDoh 

Mark. 

Heig^ht 
above 
Mean Sea 
Level. 

Wlere Placed. 

(N. = Northern or Oermiaton end of line or portion ; S. = Sonthem or 
Eroonatod end of lino or portion.) 

4S 

Eng. ft 
6409*2 

Bridge about 160 yarda S. of 703 M.P., about 8 milea S. ol Gertnialon 
Station. Upright B.M, on S. abutment, between up and down linea. 

49 

6062*1 

Bridge between 608f and CS)d M.P., J-raile N. of Natal Sproit Station. 
Flat B.M. on S. abutment, R sido of line. 

60 

4869*0 

Bridge about 60 yards N. of 084^ M.P., ^-inile N. of Klip Biver Station. 
Upright B.M. on S. abutment, E. aide of line. 

61 

4887*6 

Bridge about 100 yorda N. of 674 M.P., 1 mile N. of Moyei-ton Station. 
Upright B.!M!. on E. aide of line, in E. wall of parapet of N. 
abutment. 

62 

4709*3 

Yaal Biver Bridge, S. of Yoroeniging. Elat B.I11. on top of parapot on 
N. abutment, E. aido of Ibia 

68 

4688*9 

Bridge oyer Toaiboaoh Spruit at 064^ M.?., 4miles S. of Yilioonadrift 
Station. Elat B.M. on top of Jlrat pior from N. abutment, E. sido of 
line 

64 

4862-7 

Bridge halfway betwoon 047 and 647J M.P., 8 miles N. of Wolveboek 
Station. tT])right B.M. m S. abutment, E. aido of lino. 

66 

4809*8 

Bridge between 6884 and 088J M.P., about halfway botwoon Wolvohook 
and Dover Stauona. Upright B.M!. on W. uido of lino in W. end 
of pier. 

66 

4862*8 

Water-tank house at Yredofort Statioji, near 6274 M,P., W. aide of lino. 
Upright B.M. in E. wall 

67 

4608*2 

Bridge near 619 M.P., IJ inilos S. of Lion JUvor Siding. Elat B.M., B. 
aide of lino, on top of first pier from S. 

68 

4519*8 

Bridge over Bhenoster River, at pumping station, halfway between 6184 
and 618^ M.P. Upright B.M. in S. abulmont, E. side of line. 

69 

4718*6 

Oulvert halfway between 602^ and 602f M.P., about 2 miles S. of 
Serfontein Siding. Upright B.M. in N. wall, E. side of line. 

60 

4664*0 

Bridge about 60 ^ds N. of 699 M.P., ^mile N. of Honing Spruit 
Station. Upright B.M. facing N., on W. side of line, in first pier 
fromS. 

61 

4681*8 

Bridge almt 60 yards S. of 691f M.P., IJ mflos N. of America Siding— 
the middle of three bridges or oulverts, close together and all between 
691^ and 691J M.P. Upright B.M. on W. side of line, in W. end 
of pier. 

62 

4624*0 

Onlv^ 100 yards S. of 6814 M.P., 8i miles N. of Kroonstad Station. 
Upnght B.M. in S. wall, W. si^ w line. 


V. A. LOWINGER 
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REPORT OP MR. P. 0. MORGBNROOD ON THE WORK 
OP THE CENTRAL OPPIOE AND THE EXPENDI¬ 
TURE ON THE SURVEY, 


1. The Central Office, established with a view to reducing delays io a 
minimum, was opened about six months after the reconnaissance and other 
parties had taken the £eldL From that date all repoi-ts, communioations, 
requisitions, &c., passed through the central office, which controlled the 
finance of the field parties, the purchase and issue of animals, stores, trans- 
poiii, &o., &o. 

2. The actual cost of the Survey is as follows :— 


EXPENDITTJBE. 


Traitspobt, Equipment, and Expenses:— 


Animals — 

Mules.; 

Horses ••• 

Fodder . 

Shoeing. 

Veterinary and Siandries 


s 

... 4,126 1(5 
... 731 15 

... 5,705 12 
... 702 4 

... 269 11 


Ha/mess, Saddlery, do .— 

JGlamess... ... ... ... 

Saddles, saddlebags, bridles, &o. 
Halters, neckstraps, nosebags, 
&c. ... ... ... ... 

Horse-rugs, &c. . 

Bepairs, &c. 


507 10 
167 5 

84S 1 

325 2 

531 12 


VeldcUs and EquvpmetUi — 
Wagons and troUies ... 

Carts . 

Buck-sails, &o . 

Other equipment 
Bepairs, &o. 


388 0 

1,003 10 
138 15 
92 2 
534 4 


d. 

0 

0 

1 

0 

7 


3 

3 

6 

8 

6 


0 

1 

6 

0 

0 


Hired Transport, do. 

Bailage (passenger and goods) 

Instbdmbnts and Expenses ... 
Equipment :— 


Bar oompaaison shed . 

165 

0 

0 

Portable bar and theodolite huts, &c. 

561 

18 

3 

'Pheodolite stands, complete 

142 

12 

0 

„ carrying straps and poles 

16 

8 

6 

Pulley equipment and straining-posts 

94 

18 

6 

Meridian marks, lamps, cases, 4cc. ... 

76 

7 

1 

Miscellaneous ... . 

80 

7 

7 

Beacons and beaconing accessories... 

841 

13 

9 

Bench marks and appliances 

246 

7 

6 

MaJlets, dag-staves, cement, &c. ... 

144 

12 

10 


£ 8. d. 


11,585 18 8 


1,864 12 2 


2,151 12 7 
806 5 4 

2,750 5 4 

2,838 5 8 


2,370 6 


Oentral 

Office. 


dost of 
Survey 
Dertailed. 
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Carried forward 

Q 2 


24,317 5 9 
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Brought forwuitl 


ra. Tools, and Camp EQxnPMBNT, &c. 

£ 

A 

d. 

Tents and equipment 

961 

17 

3 

Comp tables, stretchers, &o. 

89 

2 

4 

CooHng shelter and latrines 

78 

4 

6 

„ utensils, &c. . 

96 

18 

0 

Boxes, trunks, Ac . 

71 

19 

1 

Carpenters’, masons’, and labourars’ 




tools ... ... ... ... 

122 

13 

0 

Water-vaatjos, ban’els, &o. 

32 

1] 

0 

Fencing wire, &c. 

40 

17 

4 

Miscellaneous . 

175 

11 

3 

Maintenance. 

272 

3 

1 


Eemts, Taxbs, Inbuiianoks, &o. 

Oinoai FujjNiTUJaBi and Fittinqb 

Stationkrt, Books, Mai*b, Maintisn- 
ANOK, A:c. 

Salakibb. . 

Travelling Allowanobb . 

Nativb Pat, Food, Blankbtb, &o. ... 
SmSDEIES. 


£ $. d. 

24,Sir 5 9 


1,941 16 10 
846 14 1 

253 3 9 

374 12 11 
41,235 1 1 

853 17 6 
7,067 5 10 
782 15 11 


Total Exi’Bnditurb . .£77,672 13 8 


Salbs and Ebbunds :— 

LesS amounts realised by tho aalo of juiimals, 
transport, stores, &o., and refunds from all 
sources. 5,955 9 10 


Yaluation :— 

To arrive at as near an estimate as possible of tho 
net cost of the survey, the base apparatus, 
Jaderin ajiparatus, chronometers, theodolites, 
and other uistnimonts and apidianoes, which 
may be required by Government, have beeh 
taken at a valuation amounting to ... 


£71,717 3 10 


2,555 17 5 


Nbt Cost ob thb Tbigonombtbjoal Survbt ... £69,161 6 5 


Stunmarj 

oost 


3 . The cost of the fidd parties (to each of which has been charged the 
proportionate share of depreciation of instruments, &o.) and of headquarters— 
in the latter is included the computing and reduction work, standardising of 
the measuring bars, and the cost of erecting a special shed lor theBar 
apparatus—^is as follows:— 


Headquarters, computing, &o. 

Basehne. 

Eeconnaissanoe. 

Beaconing and beacons ... 

Observing . 

Geodetic levelling 


£ s. d. 
19,711 11 9 

9,526 17 10 
8,908 19 8 
5,056 4 8 
22,849 18 1 

3,107 14 5 


£69,161 6 5 
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For details of the foregoing, see Report by Mr. S. B. Morgenrood on 
Comparative Costs of Sections of the Survey, Table I. The lunounts given at 
the mot of each column have been reduced proportionately for tlie valuation 
of stores remaining on hand and the Basutoland contribution to the survey, 
amounting in aU to £5,556 l7s. bd. The amoimt in the column for “sub¬ 
sidiary and secondary triangulation ” has been added to that of “ observing." 
The two columns of “ reconnaissances " have been added together, 

4. In taking into account the high prices paid for anunals, fodder, &c., 
it must be remembered that when the Survey was started at the end of 1902 
the country was practically in ruins. The bulk of the animals, fodder, Asc., 
was obtained in the early days from the Transvaal Repatriation Department. 
The average price paid per head for animals is as follows:— 

Mules . 

£ s. d. 

133 from Transvaal Repatriation Department, average 29 18 11 

7 „ other sources . 20 11 ’ 5 

140 

' Horses. 

14 from Transvaal Repatriation Department, average 22 14 3 

15 „ other sources . „ 27 11 8 

29 


From the above it will be seen that 140 mules and 29 horses were 
bought. Of these, 23 mules, or 16| per cent,, and 10 homes, or 34^ per 
cent., died of disease or were shot. The remaining 117 mules and 19 horses 
were, from time to time, disposed of, the bulk being taken over by the Public 
Works Department. The total realised from the sale of these animals is 
£2,184. 

Subjoined is a list giving cause of death and reason why shot:— 

Mules. 

1903. ^ ^ Number. 

Jan. —Kicked on jaw and could not eat. Veterinary 

surgeon could do nothing. Shot by order of 

Superintendent, Trigonometrical Survey. 1 

Apr. 7.—Horse sickness contracted in Koroati Valley. Died 

at Lakenvlci, near Belfast . 1 

June 6.—Windy colic. Died near Witbank, district 

Middelburg. 1 

Aug. 15.—Colic. Died at Lakenvlei . 1 


1904. 

Jan. 14.—^Broke leg in camp near Pretoria. Shot by order of 

Superintendent . 1 

„ 12.—Chronic kmenesa Shot at Wepener . 1 

„ 20.—Dik-kop. Died near Ohfants river. 2 

„ 21.—Horse sickness. Died in Kaap Valley . 2 

Feb. ' —^Dik-kop. Died at Nooitgedacht, district Krugers- 

^lorjp... ... ... ... ... ... ... 1 

Mar. Injured by kick. Shot by order of District Com¬ 
mandant, Ermelo. I 

Apr. 22.—^Inflammation of the bladder. Died in Pretoria Camp I 

May *. —Dik-kop. Died at Houts River, Zoutspansberg ... 1 

Oct. 1.—Dik-kop. Died at Machadodorp . 1 


Carried forward 


* Date not reooixled. 
Q 3 


15 


Transport 

animals 

and 

casoaltiea 
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lirumber. 

Brought forward . 15 

1905. 

Jon. SO.—^laflatmnatioii of the stomach. Died near Christiana 1 
May* .—Broken leg. Shot near Xlerksdorp ... ... ... 1 

May 21.—^Eating pouonous plants. Died near Eimberley ... 1 

Jidy 24.—Dik-kop. Died at Font Drift, Zoutpansberg ... 1 

Aug. 13.—Colic. Died at Woodbush, Zoutpansberg. 1 

„ 24.—Worn out. Could not rise. Shot near MEara, 

Zoutpansberg, by order of Mr. Simms . 1 

„ 26.—Siok mule, left at Gblukfontein, near Lace MLines 

Station, O.B.C., for treatment, died . 1 

Sept. 22.—^Developing glanders (?) Shot by order of Veterinary 

JDepaz'tmeut... ... ... ... ... ... 1 


Total (mules) . 28 


Horses. 

1908. 

Feb. 8.—^Horse sickness. Died in camp near Pretoria ... 1 

„ 14.—^Horse sickness. Died in camp near Pretoria ... 1 

„ * —Home sickness. Died near Ermelo. 1 

Nov. 18.—^Eating poisonous plants. Died near Olifants River... 1 


1904. 

Jan. 21.—Peritonitis. Shot by S.A.C., near Bothavillo, O.R.C. 1 
M!ar. 25.—Horse sickness. Died near Mord’s Kop, District 

Lydenbuxg. 1 

May 11.—Colic. Died near Belfast . 1 

Oct. 5.—^Dunkop. Died near MEachadodoip . 1 

1905. 

June 4.—Colic. Died between Crooodilpoort and Nelspruit... 1 

Sept. 19.—^Midlein test unsatisfactory. Destroyed by P.W. 

Department on order of Veterinary Department 1 


Total (horses) . 10 


Total mules and horses dead ... 33 


Atockluttk 


5. Particulars of the stock list that was found most practicable are given 
below. The stores, transport, &o., were divided under the following heads, 
and separate pages of detwed lists allotted to each, as follows:— 


Animals. 


Books (other than account, manifold, and field note books). 
Camp equipment. 

Harness, saddlery and equipment. 

Instruments. 


Kitchen utensils. 

Tools (carpenters, masons, and native labourers). 
Wagons, carts, and equipment. 


TW each h^ were ten columns. Subjoined will be found the headings 
01 these and the instructions there anent. 


* Date not recorded. 



U7 


1 

last of 

2 

Stock 
on hand 
last 

stock-taking 

3 

.Added during the month of 

4 

Total 

of 

columns 
2 and 8. 


January. 

February. 


April. 


June. 

(Dotails) 










6 

.Deducted during the Mouth of 

6 

Total 
deduc¬ 
tions as 
per 

column 5. 

7 

Differ¬ 
ence be¬ 
tween 
oolnmns 
4 and 6. 

8 

Stook 

on 

hand 

..190 . 

9 

DeSdeut. 

^fference 

oetweeii 

colnnms 

7 and 8.) 

January. 

1 

February. 


April. 

May. 

Juno. 












Oolunm 10 


Explanatory Notes on the Items stmok off Ohorge, Defimenoies, &c. 


a 

h 


G. Stock must be taken every six months (on or about 80th June and 
Slst December), a new list opened, and the old one sent registered to tions as 
Headquarters with tlie columns duly filled in and the pages signed by the 
officer in charge. Foe the pueposb of TAJuara stock all otheb wobk atoclt 

KUBT STOP FOE TEE TIME BBTirO. 

Each auxiliary party should have a stock list which is to be signed by the 
person in charge. 

Colnmn 1. Add anything not already on the list. 

„ 2. New parties should maJre a complete list of stock 

received when equipped and enter in this column. Old 
parties should bring over figures from column 8 of 
previous stock list. 

„ 8. In this column enter every item oi stock purchased or 

received from Headquarters after column 2 was made 
up. Stock transferrra in the field from one party to 
another should be treated by the one as havi^ been 
returned to and by the other as having been received 
from Headquarters. Each party should give notice to 
Headquarters of such transfer. On no account should 
transfOTS be made to parties working in other Colonies. 

„ 4. Add the figures on each line in columns 2 and 3, and 

extend. 

Q 4 


(14181) 
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OfSoial 

]toutine. 


Column 5. Any stock worn out, or broken, and struck off charge, or 
i*etumed to Headquarters, should be entered in the 
column for the month and a note made in column 10 
giving reason why struck off charge. The letter of 
such explanatory note should be given against the 
number of articles struck off, thus 3o, 1&, 2n, oao, as 
the case may be. 

„ 6. In this column given the totals of deductions made in 

column 5. 

„ 7. Subtract the totals in column 6 from those in column 4 

and enter in this column, which then represents what 
stock should be on hand. 

„ 8. Enter stock on hand when taking stock. 

„ 9. If a^ difference in figures in columns 7 and 8 enter such 

dif&rence in this column and account for same in 
column 10. 

„ 10. In this column deficiencies are to be accounted for and 

reason given why items were struck off charge. 


Expendible articles, such as forage, oats, mealies, meal, fiour, soap, 
dubbing, &c., need not he included in the stock list, nor need riems, cuiTy 
combs, ^n^ and horse brushes be brought up. 

7 (a) For the information and assistance of those in charge of the books, 
letters, &o., on the completion of the Survey, a few details in connection with 
the office routine are introduced in this portion of the report. 

(6) The eOTenditure in connection with the Trigonometrical Survey 
commenced in Octobor, 1902, and all advances for expenditure during the 
financial year, ending 30th June, 1903, were accounted for to the Surveyor- 
General, Pretoria. Subsequently, this was done, first through the Accounting 
Officer, High Commissioner’s Office, and later through the Secretory, Inter- 
Oolonitd Council, with consequent differences in instructions. 

(c) The Central Office was opened towards the end of June, 1903. Shortly 
afterwards, instructions were received to keep certain routine books. These 
were kept in accordance with the instructions contained in the Government 
Circulars on the subject ; but, previous to that, certain simplified books had 
been commenced, and were continued, as they appeared to be more suitable 
tlian the routine books. 

(d) The circulars contained no specific instructions relating to the keeping 
of stock-books, and os this was considered a most important matter, stock- 
books were opened, but, owing to the loug start the Survey had had, and the 
parties being scattered and difficult to communicate with, and, generally, the 
office having to be got in order while current matters had to be attended to, 
their adoption was considerably handicapped and progress in that direction 
was slow. To enable the stock, (fee., aJremy issued to be traced, and to keep 
a check on that in the possession of the field parties, printed detailed lists were 
issued to each party, with instructions to take stock on a certain date, and to 
return one signed Irrt to the Central Office. These lists did not answer, and 
another (as nilly detailed at the end of Part I.) was drafted and substituted. 
In passing, it may be remarked that had the stock been kept as subsequently 
desired by the Audit Department, about £2,000 would have been expended in 
salary to a spedial storekeeper, rent of store-room, delays to parties, &o. 

(e) Full details of eveiw item of expenditure will be found in the monthly 
expenditure books, from which the items relating to stock were taken w-nH 
written up in a book m^ked “Stock-book,” and afterwords posted in a ledger, 
the index to which is divided into the following headings:— 


Cl Office. 

(2) Instruments. 
(3l Tools, &c. 

(4) Auimiab. 


(5) Wagons, carts and equipment 

S 61 Harness, Saddlery, &c. 

7) Camp Equipment. 

8 ) Kitchen Utensils, &c. 



(/) Witt reference to letters and reports, the simplest methods Were 
followed. Those received were entered in a Gbvernment Correspondence 
Register (in connection with which an index was kept) and numbered con¬ 
secutively. When attended to, the letters were placed in letter files, of which 
there were two for each party (one for reports and another for con’espondence), 
one for general correspondence, and one or more each for letters nom H.M. 
Astronomer, Colonial Secretary’s Office, Inter-Colonial Council, and Crown 
Agents. In the files containing letters from Colonial Secretary and Inter¬ 
colonial Council and reports from parties will be found a list of their contents 
an’anged according to registration numbers. In the files marked ‘‘Crown 
Agents’ Vouchers,” all papers relating to any one requisition will be found in 
the covers to which they belong. Crown Agents’ file No. II. contains all tbe 
indents and papers relating to stores ordered for the Topographic and Geodetic 
Survey. 

(a) With reference to letters despatched, those signed by the Super¬ 
intendent will be found copied in the letter books, but the duplicates^ of 
general correspondence earned on by the Chief d^k with field parties, 
shipping agents, storekeepers and others, will be found in the manifold letter 
books, ^1 of which have been indexed. 'I’he numbers in red or blue in the top 
left-hand comers of each page show the preceding or next following letter, if 
any, addressed to the same person, in that book, whether manifold or ordinary 
letter book. In each letter book will be found a list giving contents of letters 
addressed to the Secretary, Inter-Colonial Council, ancf also their folio numbers. 

(A) Letters re stores, animals, &o., taken over by the Public Works 
Department, or sold by auction in Pretoria, will be found copied in the letter 
books; and those relating to animals sold by auction through field partie.s will 
be found in the files of tbe respective field parties, where also will be found 
letters reporting deaths of animals, Ac. 

(y) All auctioneers’ account sales and public works vouchers were filed 
with the monthly statements sent to the Secretary, Inter-Colonial Council, to 
whom, too, will be handed the receipts for instruments, &o., surrendered. 

(A) Except in a few instances, when given direct by the Superintendent, 
all orders for goods bought on credit were in writing, the duplicates of which 
will be found m the order books. This does not refer to fieM parties. 

(Z) A few rail-warrants were not returned by the officers in charge of field 
parties, who cari'ied such warrants in their pockets where they became worn- 
out and unserviceable and were destroyed. The correspondence on the subject 
will be found in the red letter file for general correspondence from 1st July, 
1906 to 80th April, 1907. 

8 . A list 01 the above-referred-to books, files, Ac., each duly numbered, is 
attached hereto. 


301 

302 
SOS 
804 
305 
806 
807 

308 

309 

310 

311 

312 
813 

314 

315 

316 

317 


Red Lbitbib Files. 


A. Simms 

ft 

Oapt. Gordon .. 
Capt. Ley 

99 ^ • * 

Lieut. King 

^99 •• 

Lieut. Dunman .. 

99 •• 

V. A. Lowinger 
S. B. Morgenrood 

J. F. Giil 

99 

C. Middleton 

99 


... Reports. 

... Correspondence. 

... Reports. 

... Correspondence. 

... Reports. 

... Correspondence. 

... Reports. 

... Correspondence. 

... Reporte. 

... Correspondence. 

... Reporfe and correspondence. 
... Reports. 

... Correspondence. 

... Reports. 

... Correspondence. 

... Reports. 

... Correspondence. 


List of 
books, Hies, 
Ac. 
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318 

819 

320 

321 

322 

323 

324 

325 

326 

327 
828 

329 

330 

331 
382 
333 

834 

835 

336 

337 


G. E. Ezzey . Reports aaid correspoudenoe. 

Colonel Morris. Con'espondence, 

Applications for employment. 

Letters befoi’e 30th June, 1903. 

»j » » 

Letters, 1st July to Slst December, 1908. 

„ 1st January to 30tb June, 1904. 

„ 1st July to Slst December, 1904. 

„ let January to 80th June, 1905. 

„ 1st July to Slst December, 1905. 

„ 1st January to 30th June, 1906. 

„ 1st July, 1906, to SObli April, 1907. 

„ from Secretary, Inter-Colonial Council, No, 1. 

n » » » 

» M »> »» ® 

Crown Agents’ Vouchers, No. 1. 

j> >» » 

» »> »> 

Letters firom Colonial Secretary’s Office. 

„ H.M. Astronomer, Cape of Good Hope. 


Books. 

338 Letter Renter. 

389 Lidex to Letter Begistor. 

340 Stock Book—Details. 

341 „ Ledger. 

342 Monthly Expenditure Book, No. 1. 

343 ,, ,, ,, „ 2. 

344 „ ,, „ ,, 3. 

345 Cash Book, No. 1. 

346 „ „ 2. 

847 Ledger. 

348 Votes Ledger. 

849 Vehicles, animals dead, sold, dtc. 

350 Staff and leave returns, &c. 

351 Petty Expenditure. 

LBTTBai Books. 

352 Letter Book, No. 1. 29th December, 1902, to L4th March, 1904. 

353 „ „ 2. 14th Mai'ch, 1904, to 23rdDecember, 1904. 

854 „ „ 3. 28rd December, 1904, to 23rd October, 

1905. 

356 „ „ 4. 23rd October, 1905, to 5th January, 1907. 

856 j, „ 5. 5th Jantxary, 1907, to April, 1907. 

Makifoud Ijstteb Books. 

357-371 Manifold letter books, Noe. 1-15. 

372 „ „ Topographic and Geodetic Survey. 

Tblbobajs; Book. 

878-382 Telegram Books, Nos. 1-10. 


Obdkr Books. 

383-395 Order Books, Noe. 1-13. 
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RAJir-WAjaBANT Books. 

896-400 Bail-warrant Books, Nob. 1-5 (for Tickets). 
401-405 „ „ „ 1 to 5 (for Goods). 

Cbbqtte Books. 

406-420 Cheque Books, Nos. 1-15. 

Topoqraphio and Gboditio SujavBY. 

421 Portfolio with Oorrespondeuce. 

422 „ re Stores. 

DirPLiaA.TB Bbcmifts. 

423 Duplicate Beoeipts, March, 1905, to April, 1907. 


P. 0. MOBGENBOOD. 
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lutroduc- 

torj. 


01a8afic&* 
tion of 
Work 


OlasBifioa- 
tion of Ex- 
penditora 


nSPOB'T OF MR. S. B. MORGENBOOD ON THE COM¬ 
PARATIVE COST OP SECTIONS AND SUB-SEO- 
TIONS OF SURVEY AND SOME ECONOMIES 
EFFECTED. 


1 . («) lu compiling this statement, the special object of the report has 
throughout been kept m view ; namely, to supply data that are comparable 
and of service to others projecting work of the same kind on a similar scale, 

(6) The figures were obtained by abstrjxctiug, recasting, and distributing 
the whole of the expenses recorded in the journals for the period covered by 
the survey, and the results, even if looked upon as approximate, will, in 
conjunction with the statements elsewhere of the equipment of the parties, 
provide useful data for the guidance of anyone interested. 

(o) These data, too, serve another purpose; they prove, simply and 
directly, that the careful orgauisution and control exerted by the responsible 
officers have been effective in securing due economy in the carrying out of 
the survey. 

(d) The tables supplied are:— 

Table I. Detailed cost of Hections. 

„ IL „ „ Huh-sections. 

„ m. Avemge expenses per mouth in the field. 

And, in order to render these tables of still better service, a few notes are 
added, separated for convenience under:— 

Classification of Work. 

„ Expenditure. 

Distributions and Limitations. 

Some Economies effected. 

2 . (a) The names given to the sections indicate the nature of the work 
performed, and as far as was practicable every expense incurred by f)r on 
behalf of any party has been included under its sub-section. The sub¬ 
division of observing, reconnaissance, and beaconing into sub-sections was 
done to make the compilation less general and more complete, and, as their 
equipment and the conditions under' which they worked were not the same, 
useful information might accrue. As a matter of fact, Tables II and Til. 
(Sub-sections), are_ the more useful for comparative purposes. For the same 
reason, the subsidiary work, though part of the primary triaugulation, is, in 
the detailed part of the tables, kept separate. 

(b) Seclims. The headquarter section includes administrative, computing, 
fimd bar-comparison expenses. The latter is in reality an adjunct of the base¬ 
line work, but as the work was done by the headquarter staff, it, and the 
reductions of all the survey work, naturally come under headquarter expenses. 
Stationery for all parties is included under headqu!arters, as also books, maps, 
&&, which, however, form a separate heading. The remaining divisions of 
the work explain themselves. 

(c) Svb-aectums are arranged as nearly as possible in the order in which 
they took the field. Later parties, it will be noticed, made use of returned 
transport and other equipment, and in analysing the figures given thiB factor 
should be taken into account. 

3. (o) The heads under which the expenditure is divided are given in 
the first column, and the completeness of the classification is evidenced by 
the small amounts under sundries. Auy further suh-division in the whole 
scheme wo^d have made the tables too elaborate and laborious, although in 
the discussiou of the results it may be necessary to partially sub-divide some. 

(6) Most of these heads are again divided into, practically, equipment 
purchases and esepenses, the latter hemg chiefiy maintenance and repairs. 

(c) Ra/dway expenses, no matter iu what connection, have been classed 
under a separate beading—Eailage. 
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^d) Instruments .—The purchase column comprises actual instruments 
and instrumental appliances. The special equipment needed in connection 
with the same, such as bar huts, theodolite huts, specially constructed tripod 
stands and rmgs for the larger theodolites, &c., has been collected under a 
separate heading. 

(e) So, too, a separate heading is given to special equipment other than 
instrumental, such as beacons, beacon fittings, bench ma^s, fiagsta&, special 
iron and wooden pickets, lead, cement, (fcc., which could hardly be classed as 
instrumental, and yet were not part of the ordinary camp equipment common 
to all parties. 

(./*) Transport, being a considerable item in the expenditure, has been 
broken up under various sub-heads. The maintenance columns include 
renewal purchases of worn-out halters, rugs, neck-bars, &c. Occasional, or 
hired, transport has been kept distinct from expenses with own transport. 

ig) Tents, tools, and camp equipment are combined under one head, and 
in respect of tools and kitchen utensils the maintenance column includes 
renewal jmrchases of worn-out or broken articles. 

(A) Sundries ai*e mmnly expendibles, such as wood, coal, candles, 
soap, &o., and a few small items which do not come under any other heading, 

4. (a) For administrative purposes, and for other reasons oouuected with 
organisation and finance, the complete separation of accounts under the 
several sections of the work was not the most convenient, and, therefore, 
could not be strictlj adhered to in the account books of the department, 
which have necessarily to be ad^ted to the forms in which, for each ^ear, the 
fonds axe voted. Owing to officers in charge of sub-sections having been 
instructed to submit monthly statements of current expenditure direct to the 
h^ office, a considerable portion of the jommal entries lent itself to sub¬ 
division _ and distribution, but, as can be expected, difficulties that seemed 
almost insurmountable occurred throughout the compilation, especially in 
connection with the mixed equipment pumhaseH and the oomliineid expenses 
in the initial and some later stages of the work. These were, liowever, with 
the aid of other records, overcome, and to enlarge upon them would be to 
needlessly take up space. It will suffice to mention to what extent the effects 
of these limitations upon the comparative value of the tables have been 
■ reduced. ■ 

(6) Whether in the classification of the headings or in the allocation of 
the expenditure, the introduction of purely arbitraiy factors has been avoided 
as fax as possible, in Prder to reduce cumulative errors as well as to prevent 
false proportiona Thus, the purchase columns do not necessarily include 
renewal pm-chases of broken or used-up parts of the equipment—^these are 
more correctly part of the maintenance expenses, and have oeen included as 
such. Wherever possible, the actual sum expended has been debited to the 
actual party by or for whom it was incurred, and when not directly obtainable, 
it was arrived at closely as possible. For instance, where a single account 
for fodder and OTazing was rendered, and several parties had participated in the 
same, the number of animaJs of, and number of days shared by, each party was 
searched for in the records, and the proportionate charge worked out. Where 
full data were not obtainable, approximate proportions had to be adopted, 
these proportions being separately determined for each item of expenditure. It 
v^s fmt that, in respect of purchases, errors of small amounts in the alloca¬ 
tions to sub-sections could not seriously impair the usefulness of these tables, 
as they do not affect the averages of expenses nor the totals for each section. 
In the case of cmrent expenditure, nowever, the more laborious course 
indicated above was imperative in order to arrive at just approximations. 

One purely arbitrary division must be mentioned. During the months 
when the Superintendent was in the field on base reconnaissance and astrono¬ 
mical work, half his salary was debited (in these tables) to H eadquarters and 
half to the field work. 


Bistribulfion 

and 

limitations 
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Besultn^ 
and some 
ecouumies 
effected 


(o) As shown elsewhere {vide Superintendent’s Beport, para. 132), 
the numher of animals purchased was less than the numher which would 
have heen required had all parties taken the held simultaneously. Obviously, 
therefore, each party could not be debited with its actuad strength in 
transport. To debit each party with a fixed proportion of the total cost of 
the animals, whilst perhaps justifiable in a general discussion of the work as 
a whole, would be an altogether arbitrary and fictitious allocation of pounds, 
shillings and pence, and of no instructive value for the objects of this 
section of the report. The only just, as well as instni'otive method, seems to 
be the one adopted of debiting and crediting each party with a certain 
numher of animals purchased and sold, the numbers being more or less such 
as occurred in forramg his party and including those that died, and to publish 
a separate statement tabulating the number of animals required for each 
party, debited to each, lost by death, and sold. This, too, is ai’biti’ary, but 
less so, and has the Jidvantage of providing data which will be of service to 
others organising similar woi^. 

Similar arguments hold good, on a less scale, with regard to other 
transport articles, and in a still smaller degree, with regard to instruments. 
Thus it will be observed that far less than the actual cost of transport require¬ 
ments has been charged to Observing Astronomical, Observing No. 2 Party, 
and Levelling; and practically no transport or tent equipment, except 
refitting charges, to Beaconmg No. 4 and to subsidiary triaugnlation parties. 

{d) The difiFerence between the amounts of purchases thus tabulated and 
the cost of the fiill equipment required for each party, would represent the 
sum saved by organising a due succession of parties {see 5 d). 

5. (a) Most of the results are already referred to imder each section of 
the main repoi-t, and supplementary data can be obtained from the tables. 
By way of emphasis, attention may be called in this section to the 
cases in which economy has been secnred, and in this coimeotion it must 
throughout be r^embered that the survey was started and carried out at a 
most critical period in the history of the new Colonies, when living and every 
necessary was exceedingly expensive, a fact which makes some of the averages, 
especially those under transport, all the more remarkabla 

{h) That the total outlay could easUy have been much larger will be 
evident to anyone who has read the mport. The principal general methods 
by which waste, both in time and expenses, has been kept under control are:— 

L Organisation and selection. 

II. Limiting the personnel of parties to the minimum effective. 

III. Limiting extraordinary expenses, such as railway travelling, &c. 

IV. Decentralisation with central control, resulting in— 

J. Eegulation and supervision with minimum iriction; 

2 . Befmonsibility and careful management on the part of sub- 
omcers. 

The above general methods ore sufficiently self-evident not to need amplifying 
to any great extent. In the next two paragraphs, attention is directed to 
some of the ways in which organization has caused large savings. Minor ways 
in which outlay has been reduced will appear on taking the headings seriatun 
(para, (e) onwards). 


(c) Many ways in which good organisation has resulted in large savings 
appear throughout the repoid:. Thus, the Base Line party, with a large staff 
and heavy equipment, not only saved in transport, as detailed in para. 140, 
hut considerably so in specialising the duties of each member of the staff as 
the work processed, and more so in the time occupied in the measurements. 
All previous Base Measures are eclipsed in respect of the extent and the 
rapidity of the mea^ements. Again, comparing Becoimaissance, Beaconing, 
and Observing, it will he noticed that the ratio of the average number of points 
completed per month is nearly 2:1:1. That is to say, the Observing parties. 



255 


■with a larger apparent programme, took no longer to cover the ground than the 
Beaconing parties. This would have been impossible had not the work been 
properly subordinated, as explained in para. 25 (j) of the Superintendent’s 
Beport. The Beaconing parties had not merely to beacon points, but to 
remove all hindrances to the work, such as clearing bush, making platforms, 
and clearing up doubtful points in the reports as to routes, &o., even to the 
extent of reconnoitring new routes. It is e'vident that it is cheaper to allow 
the Beaconers to move steadily and delay a few days with a small ■trek of six 
animals, than to cause a corresponding delay to the Observing party ■with its 
larger personnel and 40 animals. {See Table HI., last column.) 

(d) Apart from the personnel, the gross cost of the field equipment was, 
in round numbers, £14,000. The saving effected in purchase of animals and 
equipment, merely, as a result of organising a succession of parties, amounts 
to, approximately, £8,500, of which £1,200 represents the saving in respect of 
No. 2 party alone. The field expenses total, similarly, to £13,000, half of which, 
or about £6,700, was for maintenance of over 150 animals during 2^ years. 
Details and averages for each section under each clasa of expenditure are 
provided in the tables. 

(e) Salaries. Salaries naturally form more than half the total exfienditure. 
The usu^ proportion in extensive work, not involving hea'vy machinery or 
construction expenses, is nearer three-quarters; and the reduced proportion on 
the Survey can be attributed to the fact that no section was overmanned, and 
that natives were trained wherever possible to do the minor work. In fhture 
smweys on a large scale, the utilization of trained natives could probably be 
still more advantageously adopted, especially in tropical countries. Each 
white assistant, and the majority of the natives, had deunitely appointed work, 
and when the section on which they worked ■was completed, their services and 
pay usually ceased. 

(f) Allowances. The small ratio of allowances to salaries prove how 
continuously men woto kept in the field. The basis for allowances was 
domicile in the field, i.e., to say, allowances were paid only when the men were, 
in connection ■with their duties, compelled to be away from their trek, ns, for 
instance, when travelling by rail or on extended duty in a to^wn. It was 
economic policy, therefore, to limit both these sources of waste, as the amounts 
prove. {See also Superintendent’s Report, paras. 188-140.) 

((jf) Natives. In the earlier stages, native labour was very scarce and 
wages high, the rawest laboxtrer ha^ving to be paid £3 per month and hie food, 
whilst mule drivers received up to £5 per month. As the country got more 
settled, wages sank slightly and ranged from £2 to £4 per month. From the 
naimi’e of the work, boys woiJd not remain on unless food were pro'vided, 
which cost from 12s. to 21s, per head per month, or, practically, 26 per cent, 
on their wages, but the satisfaction produced by this provision, reacting on 
the work, fer outweighed the slightly increased cost. 

(A) Tempora/ry JMour. As the majority of the stations was in moun- 
■tainous coun^try, considerable delay wo-uld have ensued if only the fixed native 
eta'll were employed as bearers. Officers in charge were therefore instracted to 
engage temporary labourers on occupying a point, and again on leaving, and 
the Reconnaissance and Beaconing pj^ies had to report on the supply avail¬ 
able at each station. Yery little difficul'fy was experienced in obtaining such, 
and a large saving in permanent wages, as well as m time, resulted. The cost 
per extra labourer per day ranged from 2s. to 5s. 

U) Office Expenses. The expeiwes for 8|' years, comprising rent, rates, 
postal and telephone services, insurance, furniture, stationery, books, maps, &c., 
amount to about £1,500, of which about £200 ore for books, maps, and 
stationery ased by field parties. As with field parties, the staff was the absolute 
minimum, and the equipment such as is usually required with, in addition, 
various drawing and computing appliances. These latter are included undei* 
H.Q. Instrumental Since the dwelling-house used as offices had no fii*e- 
extinguiahing appliances, the instrument and fixtxmes were insured. 
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(k) Instruments, Ac. The most uoticeahle feature is the high proportion¬ 
ate cost of the special equipment needed for the protection and proper use of 
the instruments in the £,eld—factor which should he taken into account when 
equipping. For observing work it averages about 30 per cent.; base measure¬ 
ment, 70 per cent.; and mv the work as a whole, 40 per cent. 

The gross expenditure incurred in connection with instruments was 
£2,824 10s. 2d. j and instrumental equipment, £1,138 13s. 5d. About £140 was 
spent in overhauling and refitting various instruments (some used on previous 
surveys), and but a very small sum in actual repairs—about £40 in all—chiefly 
on smaller instruments. Officers in charge were held personally liable, and ns 
the risk of disorganising and delaying the whole work through accident to the 
larger instruments was too great to be entrusted to a native driver, observing 
officers took personal charge of these on trek and drove themselves. 

(Z) Transport. This firom the nature of the work, is the head under 
which considerable expense is incurred, and in which most waste can take 
place unless there be effective organisation, supervision, and management. 
Instructions were issued as to the due care of animals and equipment, and 
while in the field, parties were again reminded against either over—or under— 
feeding. Accounts had to be sent in early each month, and any extraoidinaiy 
expenditure was always open to query. That those in charge of paii/ies used 
their common sense and bestowed due attention on the management of theii* 
trek can be seen on examining the table of average expenses. To eliminate 
differences in equipment, the range and average of expenses per unit per mouth 
are here given. 

(ni) Vehicles. The cost of maintenance for :— 

Carts ranged from 5s. to 28 a per cart per month. Average, 18 a per month. 
Wagons „ „ 28 a to 80 a „ wagon „ „ 54^. „ „ 

Harness „ „ 8d. to 20a „ span of two per month. The longer in the 

field the higher are the maintenance expenses. 

Average, with carts, 7a per span per month, with wagons, 12a 

Thus it will be noticed, that apart from the reduced expense in respect of 
animals, carts are the more economical. Two carts are better than one wagon. 
Tliey certainly require a little more cai'e in loading and handling, bub this is 
compensated by easier and more rapid travelling, and less risk from capsizes 
and leakages. 


(n) Ammcds :— 

(i.) The cost of feeding ranged from 14a 6d. to 48a per animal per mouth, 
or 6d. to lA 7d. per animal per day. 

The average for more or less stationery parties and for rapidly 
moving parties, both of whom have less opportunities for good grazing, 
is 40a per month, or Is. 4d per animal per day. 

The aver^ for steadily moving field parties is 25s. per month, 
or lOd. per animal per day. 

The average ror all parties is 31s. per month, or Is. per w.TiiTn»l 
per day. 

(ii.) Fodder was varied tus circumstances permitted. The prices were 
much higher in the earlier part of the work. Thus, oats averaged 
15s. per 100 lbs., and later f^ to about 10s. In some places, where 
fodder was unobtainable, seed oats at 22s. per 100 lbs. had to be 
used. Mealies averaged at first 12s. when obtainable, and later fell 
to 8s. and 6s. per 100 Iba Oat-hay averaged Its., bran 13s., and 
lucerne 10s. 

(iii.) Shoeing ranged from Is. to 5s. per animal per month. Parties used 
their discretion as to the need for shoeing, witti considerable advantage. 
The total cost of shoeing is only two-fifths of what it would have 
been on the usual basis of 8s. for four shoes per animal per month ; 
ill other words, the saving in this respect is approximately £1,050. 





Staff. 

Ni 

Maintenance 

Other 

Equipment. 

Sundries. 

Average 
Ourrent 
Expenses 
per month 
(excl. Instr.). 


Salaries. 

Travellings 

Allowances. 

Pay. 

Babb: 

£ 

£ s, cL 

£ A 

d. 

£ a. d. 

£ 

a. 

d. 

£ 8, d. 

Base Line . 

282 

14 4 0 

61 16 

0 

8 6 0 

6 

0 

0 

527 10 0 

Base Beoonnaissance .. 

108 

4 2 0 

14 4 

0 

1 10 0 

2 

8 

0 

192 18 0 

OssBRYZKa: 










Astronomical. 

116 

6 16 0 

21 8 

0 

1 11 0 

8 

2 

0 

228 0 0 

No. 1 party. 

187 

8 14 0 

.’>2 6 

0 

•• 

4 

10 

0 

850 10 0 

No. 2 „ . 

221 

2 6 0 

69 8 

0 

•• 

8 

19 

0 

8G0 11 0 

Sebsidiaiy (Ole. & Bee.) 

76 

0 8 0 

16 8 

0 

• ■ 

1 

6 

0 

127 14 0 

BsooiiiKiiBSANon: 










No. 1 party. 

66 

4 11 0 

11 16 

0 

• • 

1 

8 

0 

188 2 0 

No. 2. 

62 

10 0 

10 16 

0 

• • 

0 

16 

0 

118 2 0 

Na 8 .. . 

76 

8 8 0 

18 6 

0 

•• 

2 

18 

0 

149 16 0 

B1U.OOIIIN0-: 










No. 1 parly . 

28 

16 0 

8 2 

0 

10 0 

0 

0 

O' 

' 57 1 0 

No. 2. 

29 

0 16 0 

11 18 

0 

16 0 

0 

17 

0 

69 18 0 

No. 8 .. 

26 

1 14 0 

11 17 

0 

1 10 0 

0 

16 

0 

71 0 0 

No. 4. 

26 

0 8 0 

18 7 

0 

0 12 0 

0 

16 

0 

81 9 0 

Subsidiary . 

• ■ 

• ■ 

. . 


9 8 0 


• • 


90 0 0 

LaTBixiNa . 

no 

2 2 0 

28 18 

0 

1 

2 

12 

0 

187 8 0 


" —~ " r ■' ■' 
(To fooe page 267.) 
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(iv.) Veterinary and other expenHee. These ranged from 4c7. to 5s. per 
ii.m'Tnfl.1 per month. A little attention to the health of an animal goes 
a long way towards keeping it serviceable. This had been done by 
most parties at on average cost of la Gd. per animal per month. In 
isolated oases, where this had been neglected, the feeding expenses 
have risen, with no corresponding advantage to the animal. Of 21 
animals that suffered from horse sickness, 7 recovered, and 14 died. 
Among other expenses were small sums paid for watering animals in 
arid districts. 

(o) Railway mid other Trcm^ort. As stated, the use of these was 
limited to special circumstances in order to keep down expenses. One-thM 
of the railway expenses and oue-half of the other transport expenses were in 
conueotioii with the Base line work, and of its total, over two-thirds was 
incurred in moving from Base to Base {see para. 140). Other parties used the 
railway only when requiring to move long distances to take up new chains, or 
on completing work. Observing party No. 1 ^Capt. Gordon’s) kept expenses 
down by trekking on starting work, resuming at Nthabankulu, and^ on 
completion. This could not always be done, owing to risks from horse sick¬ 
ness, &c. 

(p) Doubtless there are many other minor ways in which saving has 
been, and could be, effected. Sufficient has been said to show that the 
matter of economy was given due consideration by those responsible, and 
to show others organising similar work in what directions such is most easily 
attained. 

S, B. MORGENEOOD 


(14181) 
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General 

remarkEL 


Lists of 
Records. 


REPORT OF Mr. S. B. MOROENROOD ON THE 
GLASSIFICATION AND RECORDS OF REPORTS ON 
TRIGONOMETRICAL STATIONS AND ROADS OON- 
NECTING THEM. 


]. Copies of the reports and sketches of reconnaissance and beaconing 
officers have been arranged in sets, each set placed in a ^epanite enyel<^e 
together with an index, and the envelope docketed. Duplicate sets have also 
been arranged and indexed similarly, so that if in any future work the reports 
on the trigonometrical stations are required, copies could be made from the 
duplicate sets as far as possible. Original manusci'ipts and copies, where 
available, are filed in the report-files of each officer. 


2. Lists of the records are here given. In these lists are tabulated :— 

A. Adopted trigonometrical stations, arranged in the same groups as in 
the Descriptive List, and in the same order. The data given are— 

(1.) Name of station. 

(2.) Beferenoe number in the computations. 

(3.) Nature of record, whether report only, or report with 
outlines and sketches. 

(4.) By whom reported on. 


In this list, and in the Descriptive List, it may be noted that where 
the computation reference numbers are consecutive, the stations in 
gi'oup and circuit chain coincide; where there is a break in the order 
of reterence numbers, the station is in a different circuit; e.^., in 
Group I., Noa 1-5, with odd reference numbers, belong to Circuit 
chain No. 8; the rest of the group belong to Circuit chain No. 11. 

B. Other points visited by reconnaissance and beaconing parties, and the 

nature of the records, which ore in the files of the officers named. 

C. Boad reports and schemes of movements in coimection with each 

chain of triangles, numbered consecutively (the number being that 
by which the report is referred to in the scheme of movements), with 
approximate distance in ndles, and by whom reported on. 
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LIST OF TRIGONOMETBIOi.L STATIONS OF WHICH THERE ARE 
RECORDS AT THE HEAD OFFICE. 


The following abbreviations arc used:— 

B=Reoord of a written report. 

0=(hitlin6B of distant country. 

B=Bye-sketoh of point and surroundings (to varying scales). 
S=Sketch to scale of ground immediately about station. 


Name of Station. 


Reference 

Number, 


Record. By whom reported on. 


Group I. —^Ktmbbrley to Ottoshoop. 


AAsvogel Eop 
Taramtal Eop 
Boshof Hill.. 
^ion Eop .. 
Kameolpaa II. 
Zwart £.op II. 
Boesmaits Eop 
Uitlqfk 
Loeawlaagto 
Winterhoek.. 
Boomplaats.. 
Kontnek 
Beth-el-Fella 
Bdioonheid .. 
Langvallei .. 
Never Mind.. 
Eopje Enkel 
Eameelpan I. 
Smitskraal .. 
Nooitgedadit 
AmBterdam .. 
Elipkuil 
Boonihoek .. 
Holpan 
Morfi^aon .. 
Panrontein .. 
Makons Eop 
Strap Fan .. 
Doonibult UL 
Rosalie 
Rietpan 
Dombnlt II... 
Simon’s Ylei.. 
Zwaxt^s Rust 
Bosohpan .. 
Elaree Enil .. 
Disselboom Pan 
Drieknil 
MlddelBnlt.. 
Nbkoiespnn.. 
Doombult I. 
Bethlehem .. 

De Faarl .. 
Honthaal Boomen 
^her Pan.. 
Welverdiend 
Molopo's Oog 
Folfontein .. 
Grootfontdn 
Elip Pan .. 


ROB 

ROE 

ROE 

RES 

ROE 

ROS 

BOS 

ROS 

ROE 

RE 

RS 

RE 

RE 

RE 

RE 

RE 

R 

RE 

BE 

RE 

R 

B 

RE 

RE 

RE 

RE 

RE 

RE 

RE 

RE 

R 

RE 

R 

R 

RE 

RE 

BE 

RE 

RE 

RE 

R 

RE 

RE 

RE 

RE 

RE 

RE 

RE 

R 

RE 


T. N. Duimiaii. 
T. N. Dnnuuvu. 
T. N. Duuman. 
0. n. Ley. 
Ley. 

Ley. 

Ley. 

Ley. 

Lot. 

Ley. 

Ley. 

Ley 

Ley. 

Ley. 

Ley. 

Ley. 

Loy. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 

Ley. 
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Recobd OB’ Tbioonombstbioal Stations— continued . 


Name of Station 


Beference 

Numbei*. 


Beoord. 


By whom reported on. 


GbOUP II. —WOLMABANBTAD TO KbOONSTAO. 


1. lioeawfontein . 

228 

BE 

Ley. 

2. SchietfonLein . 

22!) 

BE 

Ley. 

S. Bhenosterberg Hoek 

280 

BE 

Ley. 

4 Doomplaat. 

281 

B E 

Ley. 

5. Klerksdoip. 

232 

BE 

Ley. 

6. Ylaklaagte. 1 

1 288 

BE 

Ley & Dimman. 

7. Paradyfl . 

1 284 

BE 

Ley & Donmaii. 

8. BoTanlEuid Floats. 

238 

BOE 

Ley & Dunmnu. 


■ Gboup III.—Newcastle! to BErLB-AST. 


1. Salt Lake. 

57 

BOE 

Ijey & Gill. 

2. lukwelo. 

5!) 

BOES 

K., M. & Gor. 

8. Ntabanknlu. 

GO 

BOES 

Dun. & Gor. 

4. Tiangberg I. 

G1 

BOS 

K. & Gor. 

8. Illamunpeiberg. 

62 

BOES 

1)., M. & Gor. 

(). Blandflbeig Ilf. 

G8 

BOBS 

K.) M. & Oor. 

7. Blaauw Kpp . 

04 

BES 

E., M. & Gor. 

8. SuitzkopI. 

05 

BOES 

E., M. & Gor. 

9. lafelkop (Ermelo). 

66 

ROES 

K., D. M. & Gor. 

10. Sterkfontein . 

07 

BOES 

D., M. & Gor. 

11. Vlakfoutein. 

08 

BOES 

E., M. & Gor. 

12. Baatjes Bolt . 

6!) 

BOES 

Dun. & Gor. 

IS. Tofelkop (Devil's Kantoor) 

70 

BOES 

E., M. & Gor, 

14. Verloren Vlei . 

71 

BOBS 

Eing & Gor. 

15. W'onderlontein .. 

72 

ROE 

Eing & Morg. 

16. Panplaats. 

78 

BOES 

D., M. & Gor. 

17. Belfast . 

74 

BOE 

Morgenrood. 

18. Langkloof. 

76 

Eil 


19. Mares Eop. 

76 

Nil. 

• 

20. S. end, Belfast Base 

77 

B 

Simma. 

21. N. end, Bdlfast Base 

78 

fi 

Simms. 

22. Groot Hiet Vlei. 

79 

BOES 

E., M. & Gor. 

28. Paarde Eop I . 

80 

BOES 

E., M. & Gor. 


Gboijp IV —^Belfast to Limpopo. 


1. Mount Anderson. 

286 

BO 

Eing & Gill. 

2. Thama Eoosh . 

287 

BO 

Eing & Gill. 

8. Manontsa. 

288 

BO 

Eing & Gill. 

4 Iron Grown. 

289 

BO 

Eing St Gill. 

6. Portugal. 

240 

BO 

Eing & Gill. 

6. Schnell’s Eop . 

241 

BO 

Eing St Gill 

7. Matala . 

242 

BOE 

Eing& Gill 

8. Loskop . 

9. Eameel Ec^ . 

248 

244 

BO 

Nil. 

King St Gill 

10. S. end, Honts B. Bue 

246 

B 

Bimms. 

11. N. end, Honts R. Base 

246 

B 

Simms. 

12. Blaanwberg . 

247 

BOE 

Eing & GUI. 

18. Lejwna . 

248 

BO 

Eing & Gill. 

14. Dwarsbeig. 

249 

BO 

King & Gill. 

16. Pont. 

260 

BO 

Eing & GUI. 

16. Dogola . 

251 

t 

BOE 

King & GilL 


1. Bhenoeter Kop 

2. Qaaf?gafontein 
8. Zwartkloof ,. 
4 Gable HiU .. 


Gbotip V.—Bbltast to Ottoshoop. 


9 • 

81 

BES 

. • 

82 

BES 

• • , 

88 

BOE 

» • 

84 

BES 


D., M. & Got. 
D.y M. & Gor. 
D.) 

D., M. & Gor. 
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Eboord of TraaoNOMKrEiOAL Stations— continued. 


Name of Station. 


Reference 

Number. 


Record. 


By whom reported on. 


Group V.—Belfast to continued. 


5. 

6. 
7. 
H. 
9. 

10 . 

11 . 

12 . 

13. 

14 

16. 


Boahofsberg 
Nooiteedacht I 
Pilau&berg 
Tafelkop 
Koalkop 
Ouverwacht.. 


Witzkop I. .. 
Vergenoeg .. 

N. end, Ottoshoop Baae 
?. end, Ottoshoop Base 


85 

ROES 

D., M. & Gk)r. 

RG 

ROE 

D. & 

87 

ROES 

D.. M. & Gor. 

R8 

RES 

D., M. & Oor. 

89 

RES 

D., M!. & Gor. 

00 

RES 

1)., Ml & Oor. 

91 

ROES 

D., Nf. & Gor. 

92 

RS 

J)., M. k Oor. 

93 

RS 

[)., M. <Sc Oor. 

94 

R 

Simma. 

95 

R 

Simma. 


1 . 

2 . 

3. 

4 . 

5. 

B. 

7. 

8. 

9 . 

10 . 

11 . 

12 . 

13 . 

M. 

15 . 

l(i. 

17. 

IH. 

19. 

20 . 
21 . 
22 . 
28. 
24 
26. 
26. 
27. 
26. 

29. 

30. 

31. 
82. 
88 . 

34 . 

35. 
30. 
37. 


Group YI.—^Pretoria to Cape Oolont. 


Johannesburg 
Blyvooniitzi^t 
Paardekop II. 

Witkop II. 

Elandskop I. 
Vliegcnk^l 
Spitzkop n... 
lAebenbm'gstroom. • 
Doomkop .. 
Rbenosterkop II. .. 
Boschrand .. 
BrauTizynkop 
W. end, Ej^nstad Baso 
K end, Kroonstad Base 
Rietfontein ., 

Elandskop IT. 

Kaffir Kop . • 
Mynbardt’s Ruul .. 
Zwartkraus .. 
Rhebokberg.. 

Machaoho .. 

Mabula 
Thaba Pntsna 
Thaba Tsuen 
Jammersberg 
Bikhoele 

N. end, Wepenor Base 
S. end, Wepener Base 
Gobo-Qebo .. 
Aasvogelberg 
Nthodunonate 
Helvelyn ,. 

Bendearg .. 
Wasekbank Peak .. 
Kuka .. . • 

Lubisi 

Oweoweiii .. 


9G 

RO 

King. 

97 

BO 

King. 

98 

ROE 

King. 

99 

RO 

King. 

100 

BO 

King. 


RO 

King, 

102 

RO 

King. 


ROE 

King. 


K 

King. 


RO 

King. 


RO 

King. 


RO 

King. 

108 

R 

Simms. 

109 

R 

Simms. 

no 

RO 

King. 

111 

R 0 

King. 

112 

RO 

King. 

113 

RO 

King. 

IM 

ROB 

King. 

115 

RO 

King. 

IIG 

ROE 

King. 

117 

RO 

King. 

118 

RO 

King. 

119 

RO 

King. 

120 

ROE 

Dnnnian. 

121 

BO 

King. 

122 

B 

Simms. 

128 

R 

Simms. 

124 

RO 

Dunman, 

127 

ROE 

King k Morg. 

128 

ROE 

King. 

129 

ROE 

King & Morg. 


ROE 

King & Morg. 

181 

ROE 

King k Morg. 


ROE 

King k Morg. 

H 

ROE 

King & Morg. 

9 

RE 

Morgenrood. 


1 . 

2 . 

8 . 

4 

6 . 

6 . 

7 

8. 

9. 

10 . 


Gboop VII.—^Kimbbblby to Nbwoabtlb. 


Sclioltz Eop.. 
Paardeberg ., 
Rondefonteiu 
Kareeloa^ 

Da Plessis Dam 
Bosberg 
Weltevreden 
BiesiePan .. 
Schoongezicht 
llieron’s Kop 
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149 

ROE 

Don. k Gill. 

168 

ROE 

Dun. k Gill. 

164 

ROB 

Dun. k Gill. 

168 

ROE 

Dun. k GilL 

169 

ROE 

Dun. k Gill. 

170 

ROB 

Ley k Gill. 

171 

ROE 

Don., Ley k Gill. 

172 

ROE 

Ley k Gill. 

178 

ROE 

Dun., Ley &; Gill, 

174 

3 

ROE 

Ley k Gill, 
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Bboobd op Tbigonombtbicaij Stations— contimied. 


Name of Station. 


Record. By 'whom reported' 


Gbotjp yil.—KiMBBBXJBr TO Nbwoabtlb— conitnttec?. 


Zoetvim 
Nooitrerwaoht 
Langherg 11. 
Yierfontein .. 
Vaalbank Eop 
Eaal Eop .. 
Hevrmita^ .. 
Gemsbok Berg 
Drakensbei^ 


176 

ROE 

17G 

ROE 

177 

ROE . 

17H 

ROE 

17!) 

ROE 

180 

ROE 

181 

ROE 

182 

ROE 

68 

ROE 


I<ey & Gill. 
Dun. & Gill. 
Ley & Gill. 
Ley & QilL 
Ley & QilL 
Ley & Gill. 
Loy & Gill. 
Loy & Gill. 
Ley & Gill. 


Gbout Vm.—^H opb Town to Wkpbnkr. 


Bester’s Eop 
Oranm River 
Wonderkloof 
Boaohjes Fan 
Platkop 

Faiiresmith Hill 
Lokshoek .. 
Luipera Rand 
Dtie Baden .. 
De Put 

Lemoenfonteiu 
Eoeaberg .. 



ROE 

ROE 

ROE 

RO 

ROE 

ROE 

ROE 

ROE 

ROE 

RO E 

ROE 

ROE 


Ounniau 

Donmau 

Dunman 

Ley. 

Dunmau 

Duumau 

Dunman 

Dtuuuivu 

Dimmau 

Dunman 

Dunmau 

Ixjy. 


& Loy. 
& Loy. 
& Loy. 

& fjoy. 
& Ijey. 
k Ijey, 
k Loy. 
k Ijey. 
& fjfiy. 
& Txiy. 


Of the Mlowiug Secsondary Stations, l) 0 tweeu (Jahle Hill, Pretoria and 
Johannesburg, there are no descriptive repoiiw, nor sketches:— 
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ADDENDA TO LIST OF TRIGONOMETRICAL STATIONS. 


The following is a list of other points visited by the Reconnaissance 
parties, but not used as Tiigonotuetrical Stations in the ultimate scheme. 
Some of these points were beaconed and fully reported upon; others were 
only partially reported upon; most of them, having been rejected in the 
course of the reconnaissance, were not rejiorted upon at aU. 

(0 =s Oorrespoudenoe die.) 


Name of Station. 


Recoixl. 


Bjr whom reported on. 


Shepetone Lake, Natal (beaconed) 
Majnba, Natal (beaconed^) .. 
niamimvubu, E. of IDamimpisi .. 

Mary vale, Spring-grove, and BoMsy, Swa 
Klipfontein, uai'olina 
Little Spitzkop, (lodwaau .. 

Spitzkop, Lydenburg 
Manohberg, Lydeiiberg 
Zuikerboaoh Eop, Lydenburg 
Wanhoop, Steenekainps fierg 

Buiakop, Nylstroom. 

Booiberg, Nylstroom 
Strydpoort, Ohunio Mountains 
Bosobpoort, Magnet Heights 
Krematatberg, BuFfelokop.. 

Wegdraal, Zontpansberg .. 

(Irooihuek, Waterborg 
Dooriikum, Watorbei'g 
Donker Kloof, Waterberg .. 

Hanglip, Walerberg 
Sohoongelegen, Waterberg 
Koedoes Rand, Waterberg 
Vliegepoort Kop, Kustenburg 
Geemout Kop, Bostenbnrg 
Kleinfontein, Fotebefstroom 
Paarde Kcm, Potohefstroom (beaconed) 
Platberg, Klerkschm (beaconed) .. 
B^noster Spmit, Ijerksdorp (beaconed 
Leenwkop, Nbkwasslberg (beaconed) 
Kareepan, Wolmaianstad .. 
Doomfontmn, Venteradorp . 

Bnlfontmn, Liobtonburg .. ., 

Brakpan, liichtenbnrg 
Syferpan, Li^tenbnrg 
Doorubult, Liohtenburg 
Maohavie Hills, Klerksdorp 
Aasvogel Band, Yredefort, O.B.O... 
Bapparasvlakte, Bothaville, O.B.O. 
Leenwkop, Boshof, O.B.O... .. 

Bushman’s Kop, Bota.ville,O.B.O.., 
Tafelkop, Vreoie, O.B.O. .. 

Yaalkop, Yrede, O.B.O. 

Aasvogelkop, Yentersbnrg, O.B.O. 
Olyvenhontfonteio, Heilbron, O.B.C. 

&ntzkop, Senekal, 0.B.0. 

T^djewerg, Basutoland .. 

Thaba Bosigo, Basutoland .. 

P^^ane Mountains, Basutoland 
ndu-Udu Mountains, Basutoland .. 
Lerothodi Mountains, Basutoland .. 

Snowdon, Hersohel, 0.0. 

Bottel N^, Barkly E., 0.0. 


BOE 

0 

0 

* • 
B 
0 
U 
0 
0 
0 
0 
0 
R 
B 

RE 

R 

Rt) 

RO 

BOE 

BOE 

BOE 

RO 

B 

0 

ROE 

BE 

BE 

BE 

BE 

BE 

BE 

RE 

BE 

BE 

BE 

0 

0 

BE 

BE 

0 

BE 

BE 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


K., D. & M. 

King. 

Duuman. 

King. 

Dunuiau. 

Dunmaii. 

King. 

King. 

King. 

King. 

Duumau. 

Dxuman. 

King, 

King. 

King. 

King. 

King. 

King. 

King. 

King. 

King 

King. 

King 

King. 

Duuman. 

Dunmon. 

Donmaii, 

Duuman. 

Dunmon. 

Duuman. 

Duuman. 

Duuman. 

Duuman. 

Duumau. 

Duuman. 

Duumau. 

Duuman. 

Duuman. 

Duuman. 

Duuman. 

Ley. 

Ley. 

King. 

King. 

Kmg. 

King. 

King. 

King. 

King. 

King. 

King. 

King. 
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0 . 

EOAD EEPOETS 


Ghov^s III. to Till. 


Notb.— ^For Groups I. and II. no Eoad Eejports were recorded, as the 
Observing Officer did his own Eeconnaissance. 


Boads. 

Miles. 

By whom 

1 


reported on. 


Gboup in. —Nhwoastlh to Bblitast. 


Nottifl 


Addenda 
«. Notes 


Addenda & Sketoli 


1. Newcastle to Salt Lake . 

& 2. Jnkwelo, vid Newcastle, to Salt Lake 
8. Newcastle, vid Utrecht, to Wakkerstrooui.. 

8a, Inkwelo, aid Volksrust, to Wakkerstrooin 

4. Wakkersiroom to Lan^berg 

5. Wakkerstroom to Ntabonma 

(>. Ntabankulo to Langber^. 

7. Wakkerstroom to Hlamimpisibeig (condensed) 

8. Inkwelo to Langber^ (direct) 

8a. Ntabankulu to Ulamlmpisi, vid Luiieberg .. 

9. Wakkerstroom to HlamimpiBiberg. 

9 a, Wakkerstroom to Hlamimpislberg.. ,. Addenda 

10. Langberg to Elandsberg. 

10a. Langberg to Elandsberg .. 

11. ^tzkop to JllamimpisiWg 

12. Euandsl^rg to Blaauwkop ., 

15. Blaauwkop to Tafelkop (Ermelo) 

18a. Blaauwkop to Tafelkop 

14. Blandaberg^to HUunimpisiberg . 

16. Tafelkop m*melo) to fc^itzkop (Alkmaiu). 

16a. TafelkopC^melo) to Spitzkop(AIkmaar}Addenda &Sketoh 

16. Tafelkop to Sterkfontein. 

16a. Sterkfontein to Boatjesbolt. 

16b. Tafelkop to Sterkfontein to BaatjesMt *. 

17. Baatjesbult to Ylakfontein .. .. . 

17a. Baatjesbult to Vlakfontein. 

17b. Tafelkop to Vlakfontein . 

18. Elandsterg to Ermelo . 

18a. Elandsberg to Ermelo .. .. ,, 

,Q r Carolina to Wonderfontein. 

’\0aTolinato Wonderfontein. 

1 Q.J Carolina to Belfast .. 

^^•\0arolina to Belfast. 

19b. Sterkfontein to Wonderfontein 

20. Baatjesbult to Tafelkop (Devil’s Kantejor).. 

20a. Tafelkop to Godwaan, vid Barberton 

Bemarks on 20 and 20 a 

20b. Godwaan B. to Tafelkop, vid Kaapsdhe Hoop 

21. Belfast to Verloren Wei. 


Addenda 


.. Notes 
Addenda 


Addenda 


Addenda 


21a. Belfast to Verloren Vlei 
22. Belfast to Wonderfontein .. 

22a. Belfast to Hare’s Kop 

22b. Belfast to Lan^oof. 

22o. G. B. Vlei and ranfdaats to Langkloof 
28. Verloren Vlei to Gxoot Biet VM ,. 

24. Groot Eiet Vlei to Paardekop 
24a. Grout Biet Vlei to Paardekop 
24b. Paarddfeop to Pogwane 

25. Wonderfontein to Panplaats ,, 

26. Fanplaata to Groot Biet Vlei 


Addenda 


.. Addenda 

Additional Notes 
.. Addenda 


I 


15 
30 
36 
26 

16 
24 
80 
30 

62 
80 
■ • 

10 
9 • 

•17 

36 

30 

81 

27 

13 
2H 
40 
24 
« • 

87 
• • 

49 

26 

20 
• • 

66 

74 

48 

24 

28 

12 

16 

H 

18&1S 

80 

88 

is 

14 
16 


King. 

King. 

aB.M. 

S. B.M. 

King. 

T. N.I). 
Kiiii 
T,1 
T.N.D. 
K.B.M. 
Cing. 
K.B.M. 
King. 
King. 
Kins 


King. 

King. 

S. B.I4. 
jiB.M. 

T. N.D. 
Kino 


King Sc D. 
King. 
aB.M. 
King & D. 


T.N.D. 

S.B.M. 

D. & K. 
King. 

Zing. 

mT&d. 

s.aM. 

Zjng & D. 


B.ScM. 

T.N.D. 

aB.M. 

aB.M. 

T.N.D. 

T.N.D. 

aEM. 

aRM. 

D. &lf. 

B. &m; 
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Boad Bhpobto— contmued. 



By whom 
reported on. 


Gkotjp lY.— Belfast to Limpopo. 


Thama Kooeh to Paordehop II 
Verloren Vlei to Mount Anderson 
. Lydenburg to Mount Anderson 
Mount Anderson to Thama Koosh 
Mount Anderson to Manoutsa 
Manoutsa to Thama Eoosh .. 
Thama Koosh to Portugal .. 

. Thama Koosh to Portugal vid Chui 
Portu^ to Iron Orown 
Eerstding to Pietersburg .. 

Iron Grown to Manoutsa .. 
Haeuercsburg to Sohnellskop 
. Iron Orown to SohneUflkop .. 

Iron Grown to Pietersburg .. 

. Iron Orown to Pieteraburg .. 

Woodbush to Pietersburg .. 

> Sohnellskop to Pietersburg ., 
Pietersburg to Matalas 
, Pietersburg to Matalas 
Pietei'sbuig to Losko^} 

Pietersburg to Mara.. 

Matala to Loskop 
Loskop to Lejuma .. 

Loskop to Blaauwberg 
Maia to Beauley 
. Lejuma to Blaauwberg 
Beauley to Dwarsberg 
, Blnauwbei'g to Dwaraoerg .. 
Dwarsberg to Pont .. 

Dwarsberg to Krematatberg 
Krematat to Wegdraai 
. Wegdraai to Pont ,. 

PoutloDogola •« 

, Pont to Dogola 
. Dogola to Pietorsl)iirg 
I Wegdraai to Witfontoin 


e's Pool 


89 

54 
18 
67 

49 
62 

87 
76 
56 
10 
80 
12 
16 
40 
40 
80 
80 
81 
81 
29 
59 
29 
80 
42 
89 

88 

50 

55 
61 
22 
25 
17 

56 
56 

91+43= 

56 


_Group Y. —Bbilpast to Ottmhoop. 

Paardekop to 01ii)lianPs River.. 

, Paardekop to Quaggafontein . 

Stoffberg to Quag|mfoutein. 

Massoops Drift to Middelburg . V 

, & B. Vlei and Panplaats to Middelburg. 

Middelburg to Bhmioster Kpp 

. Middelburg to Bhenoster Kop ., .. Addenda 

Quaggafontein to Bhenoster Kop, via Witkop .. .. i 

Bhenoster Kop to Gable Hill . i 

. Bhenoster Kop to Cable HUl . i 

Gable Hill to Wannbatlis .. .. . I 

Quaggafontein to Warmbaths . ' 

. Quaggafontein to Warmbaths .. .. Addenda 

Warmbaths to Zwartkloof and Boshofsberg 
. Wambaths to Zwartkloof and Boshofsberg 

Boshofsberg to Bustenburg. ' 

Rustenburg to Nooitgedaciit . 

. Cable Hill to Nooitg^aoht,. Addenda 

Bustenburg to Pilandsberg. 

. Itustenburg to Pilandsberg and Saulspooii; to Eoedoeafn 

. Boshofsberg to Pilandsberg (with sketoli). 

Pilandsberg to Elaalkop.. 

. Tafelkop to Kaalkop. 

Kaalkop to Eozelberg . 

Ibizolb^g to Vergenoeg. 

Vergenoeg to Witkop . 

Wi^op to Faardeplaats. 

. Zeerust to Paardeploats. 

Paardeplaals to Tafelkop. 

Bustenburg to Tafelkop. 

Addenda to Roads 89 to 45,Addenda to Trigono¬ 
metrical Points . 

Scheme of Movements, Belfast to Ottoshoop. 


Addenda 


Addenda 

. a • 1 

oedooAfn 


King. 

King. 

Oill. 

King. 

am. 

(4il]. 
King. 
Gill. 
Gill. 
King. 
King. 
King. 
GilL 
King. 
Gill. 
King, 
(HU. 
King. 
GUI. 
Gill. 
King. 
King. 
Gill. 
King. 
King. 
GiU. 
Kuig, 
Gill. 
Gill 
King. 
King. 
King. 
King. 
(HU. 
:i31 (H1I. 
King. 


T. N. D. 

S. B,lMr. 

T. N. D. 
T. N. I). 
aB.M. 
T. N. D. 
a fi.M. 
T, N. D. 
T. N. D. 
aB.M. 
T. N. 1). 
T. N. D. 
a B. M. 
T. N. D. 
a B. M. 
T. N. D. 
T. N. 1). 
D. AM. 
T. N. D. 
a B. M. 

S. B. M. 

T. N. D. 
T. N. D. 
T. N. 1). 
T. K 0. 
T. N. n. 
T. N. 0. 
T. N. 0. 
T. N. 0. 
T. N. 0. 

a B.M. 
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Boad Ebpobts— 



Miles. 

reported on. 


Group VI.—Pabtobia, via Kroonstad and Wbpbnbr, to Cape Colony. 


Pretoria to Nooitgedacht. 

Pretoria to Observatory Hill (Johannesburg) 
Nooitgedacht to EJemfontein 
. Eleinfoniem to lUyvooruitziclit 

Blyvooruitzicht to Losberg. 

. Losberg to Witkojj. 

Losberg to Yeveempng . 

- Yereeniging to Meyeriou. 

• Meyeilon to Paardekop . 

Blyvooruitfiricbt to Paaraekop 

Vereenigbg to Witkop . 

Witkop to TOegenkraal. 

Vliegonkraal to Klienosterkop 
. yiiegenkraal to Bhenosterkop (road sketcb) 
Rhenosterkop to Kroonstad 
Eroonstod Drift to lioschrand 

Erooustad to Doonikop . 

Doonik(/p U) Leibeubergstrom 
Liebeuborgstroom to Bpltzkop 

Elanclskop L to Spitzkop. 

Lelbeubergstroom to Elondskop IL 

Elandskop II. 1o Lludley. 

Liiidleyio Itiotfoutoin . 

Eroonstod to Rietfontoin. 

Lindley to Kanirko]).. 

. Liudley to Eallirkop (rood nkeloh)* - 

Kaffii'kop to Myuhardtsrual. 

Myiihavdisnist to Rlioobokberg .. 

, Mynhardtarnut to Sonokal (sketch) 

Senekal to Itietvlei (ZwaartkroTiH) (skotoli) 
Bheebokbeig to Rietvlei (Zwaai*tkrai)s) .. 

. Rheebokberg 1o Ficksburg. 

Zwaartkraus to h'ioksburg. 

Zwaartkrans to Ficksburg (road sketch) .. 

Ficksburg to Ladybrond. 

. Plcksbiug to Ladybrand (road sketch) . • 

Tiadybrand to Maseru . 

Ladybrond to Mabula (sketoti) 

Fiotaibarg to Thabauohu (sketch) , • 

Thabanclm to Wepener (skotoh) .. 

Maseru to Theko’s 8iK)re (sketch) . • 

Trail: Theko’s to Maohache 
Theko’s store to Eoro Koro store .. 

Track; Eoro Eoro’s to Putsua Mount 
Eoro Eoto’s to Thaba Tsueu 
Thaba Tsueu to Diklioele (Mafeteng) 

Mafeteng to Wepener . 

Wepener to Qobo Qobo. 

Gfobo Oobo to Zaetron . 

ZastTon to Mohaleshoek . 

Mohaleshoek to Moyeni (Ntbodimonate). • 
Tsaainp K to Thaba Tsueu . 

Moyeni to Lady Grey . 

Notes on Roads N.B. of Oape Colony 
Zastron to Lady Grey (Helvellyn).. 

HelvelljTa to Bendearg . 

. Lady Grey to Barkly Bast, thence to Barkly 

Glenorchy. 

Helvellyn to Wasebhauk Peak 
. Bendearg to Waschbank Peak ,. ,. 

Bendearg to Xuka, vid Elliott 

. Barkly Pass to Elliott . 

Xuka to Lubisi . 

. Elliott, via Gala to Southey ville . • 

Waschbank to Xuba, vid Indwe 
. WasK^bank to Lubisi, vid Indwe . • 

Lubisi to Oweewoni, vid Ncolora .. 

Indwe to Blliotfc . 

Askeaton to Indwe. 


11 

15 

64 

41 

19 

12 (4^ hra.) 
25 (12 hrs.) 


King. 

Middleton. 

King. 

King. 

King. 

Mid. 

King. 

King. 

Ring. 

Mid. 

King. 

King. 

King. 

Mid. 

King. 

Mid. 

King. 

King. 

Mid. 

King. 

King. 

King. 

King. 

Kinp. 

King. 

Mid. 

Kitip. 

Kinp. 

Mid. 

Mid. 

Kinp. 

Mid. 

Kiiip. 

Mid. 

Kinp. 

Mid. 

King. 

K. &M. 

K. Si M. 

Mid. 

K.&M. 

K.&M. 

E.&M. 

E.&M. 

E.&M. 

Mid. 

King. 

Eiog. 

King. 

King. 

K.&M. 

King. 

King. 

Morg. 

Morg. 

Morg. 

King. 

Morg. 

Morg. 

Morg. 

King. 

Morg. 

Kinir. 

Morg. 

Morg. 

Morg. 

Moig. 

King. 
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Boad Bbfobts— continued. 



Boads. 


_ GbOUP vn. — KlMBBRUiY TO NKWOAflTLB. 

Inkwelo to Newcastle . 20 

Newcastle to Mount Prospect (rood sketoh.) 

Newcastle to Drakensberg (road sketoh). 

Drakensberg to Qemsbokberg . 84 

Drakensberg to Gemsbokborg .. . 34 

Gemsbokberg to Hermitage (rood sketch). 

Gemsbokberg to Hermitage (road sketch). 22 

Hermitage to Newmarket (road sketch). 26 

Newmarket to Eaalkop (road sketoh) . 14 

Hermitage to Eaalkop . 20 

Eaalkop, vM. NewmaiW to Taalkop (sketoh) . • •. 86 

Eaalkop to Vaalbankkop. 28 

Yaalbank-kop to Vierfontein (sketch) . 

Yierfonteiu to Langberg 11. 82 

Yaalbank-kop to Langberg (road sketoh) •. .. . 42 

Erooustad to Draunsdjnkop. 26 

Braunzijiikop to Bosonrand W.. 18 

Braiinzijnkop to Nooitvei'wacht ., .. .. .. 40 

Boschrand to Nooitverwacht .. .. , .. . • 20 

Bothaville to Nooitverwacht . K 

Nooitverwacht io Bappardsviakte. 26 

Bappardsvlakte to Zoetvlei. 20 

Rappardsvlakte to Zoetvlei. 20 

Posenbluff to Zoetvlei .. .. . • . • Notes 

Zoetvlei to Theron’s Eop. 86 

Posenbluff to Therou’s kop .Notes 

Zoetvlei to Biesiepau.Notes 

Zoetvlei to Sohoongezicht.Notes 

Smaldeel to Schoongezicht. 20 

Scboougezioht to Bosberg.Notes 

SchoongezLcht to Biesiepau. 22 

Bosberg to Eareelaagte. 41 

Eareelaagto to Du Pleasis Dam.Notes 

Eareelaagte to Du Plessis Dam. 20 

Biesiepau to Woltevredeu.Notes 

. Blesiepan to Bosberg . 18 

Bosberg to Weltovredeu. 81 

. Bosberg to Weltevreden. 26 

Welte\n^6n to Du Plessis Dam.Notes 

Weltevreden to Du Plessis Dam. 20 

Boshof to Du Plessis Dam .. . 24 

Eareelaagte to Bosbof mil. 24 

. Eareelaagte to Boshof Hill. • • < . 24 

Bondelontein to Eareelaagte . 22 

Paardeberg to Bondefontein . 28 

, Paardeberg to Bondefontein . 28 

Boshof Hill to Paardeberg.Notes 

Boshof Hill to Bondefontein .Notes 

> Boshof Hill to Bondefontein . 21 

Boshof Hill to Tarantaalkop . * . 15 

Boshof Hill to Aasvogel Eop . 18 

. Boshof Hill to Aasvogel Eop . 18 

Aasvogelkop to Scholtzkop. .. 27 

Aasvogelkop to Tarantaalkop .Notes 

. Aasvogelkop to Tarantaalkop .. 15 

Tarantaalkop to Scholtzkop.. 22 

Paardeberg to Scholtzkop. 11 

Elimberley to Tarantaalkop. 12 


By whom 
reported on. 


_ Qrottp Vin .— Hopbtow n to Wbpjb nbb. 

Orange R. Station to Elandsdraai. 5 

Elandsdraai to Besterskop. 28 

Besterskop to Wonderkloof. 29 

Wonderkloof to Boschjespan . 89 

Bosebjespon to Platkop. 25 

Platkop to Luiporsrand (part) . 18 

Diiebadeu to I^uresmith. 21 

Fanresmith to Lockshoek. 19 

Lockshoek to De Put . 40 

Lemoenfontein to Eoesbei^, vii Smithfield and Bouxville 65 

Eoesberg to Gobo-Qobo • • 26 

Gobo-G(^ to J^ammersberg . 20 



Dunmau. 


Duuman. 


Dunmau. 


Duuman. 

Dunman. 

Dunmau. 


Duuman. 


Duuman. 

Duuman. 


Duumtui. 


Duuman. 


Dunman. 


G 

Dunman. 
Dunmau. 
G 

Dunman. 

Dunman. 


Dunmau. 

Dunmau. 


Dunman. 

Dunman. 


Dunman. 

DunmaiL 


Dunman. 


5 

Dunmau. 

28 

Ley. 

29 

Danman. 

89 

Ley. 

25 

Ley. 

18 

Ley. 

21 

Dunmau. 

19 

Ley. 

40 

Ley. 

66 

Ley. 

26 

Dunman. 

SO 

Ley, 


S. B. MORGENBOOD. 
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T4.BLES TO FACILITATE THE COMPUTATIONS. 


Table O. 


Sbpabate Lenqtbb of Satis. 


Degrees Fob. 

A. 

B. 

0. 

D. 

B. 


mm. 

mm. 

mm- 

mm. 

mm. 

80 

8047-8687 

8047-8867 

8047-4848 

8047-4202 

8047-8822 

85 

•4603, 

•4752 

•4706 

•5036 

•4768 

40 

•5522 

•5626 

•6688 

•5878 

•5681 

45 

•0489 

•6604 

•6608 

•6729 

MKIIO 

50 

•7857 

•7388 

•7624 

•7589 

•7588 

55 

•8276 

•8280 

•8446 

•8459 

•8464 

60 

8047-9196 

8047-9178 

8047-9870 

3047-9887 

3047-9388 

65 

8048-0116 

3048-0088 

8048-0296 

3048-0224 

3048-0812 

70 

•1086 

•0994 

•1221 

•1120 

•12.35 

75 

•1957 

•1912 

•2149 

•2026 

•2167 

80 

•2878 

•2886 

•8079 

•2989 

•3077 

85 

•8799 

•8767 

•4009 

•8861 

•3996 

90 

•4721 

•4704 

•4941 

•4792 

•4914 

95 

•5044 

•6648 

•5876 

•5732 

•6880 

100 

8048-6567 

3048-6699 

1 

8048-6810 

3048-6681 

3048-6740 


Table P. 


Combined Lengths of Bars. 


Degrees Fah. 

l^um of Bars A, B, 0, D, B. 

Sum of Bais B, 0, D, E. 


mm. 

mm. 

80 

16287-0446 

12180-6769 

35 

16287*8910 

12189-9867 

40 

16287-8890 

12190-2868 

46 

16288-2885 

12190-6446 

50 

15288-7896 • 

12191*0089 

55 

15289-1925 

12191-8649 

60 

16289-6469 

12191-7278 

65 

16240-1080 

12192*0914 

70 

15240-6606 

12192*4670 

75 

15241-0200 

12102*8248 

80 

15241-4809 

12198-1081 

85 

15241-9482 

12198-6688 

90 

16242-4072 

12198-9861 

95 

16242-8729 

12194*8085 

100 

15248-8408 

12194-6886 
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TABLES TO FACILITATE THE COMPUTATIONS—contfnwd!. 


Table Q. 


Logarithms of Faotobs DBPBsNiHNa on the Kathi of Cubfaturb. 


Lat. 

Log. M. 

Log. N. 

Log. E. 

0 / 

21 0 

7-9961801 

7-0986449 

0-874220 

10 

1214 

5420 

208 

20 

1127 

6891 

197 

30 

1089 

6862 

186 

40 

0961 

6882 

178 

60 

0862 

6803 

161 

22 0 

7-9960778 

7-9086273 

0-874160 

10 

0688 

6248 

188 

20 

0692 

6218 

126 

30 

0601 

61HS 

113 

40 

0410 

6152 

101 

60 

0318 

5121 

089 

28 0 

7-9960226 

7-0086091 

0-874077 

10 

0182 

6060 

064 

20 

7-9960089 

6028 

052 

80 

7-9959944 

4997 

089 

40 

9850 

4966 

026 

60 

0756 

4984 

014 

24 0 

7-9950650 

7-9984002 

0-374001 

10 

9668 

4870 

0-878088 

20 

0466 

4887 

076 

80 

9869 

4805 

962 

40 

9271 

4778 

940 

60 

9178 

4740 

936 

25 0 

7-9969076 

7-9984707 

0-878928 

10 

8975 

4674 

910 

20 

8876 

4641 

896 

80 

8776 

4607 

888 

40 

8676 

4574 

870 

50 

8574 

4540 

856 

26 0 

7-9958478 

7-9984506 

0-878848 

10 

8871 

4472 

829 

20 

8268 

4488 

816 

SO 

8166 

4404 

802 

40 

8062 

4870 

788 

50 

7968 

4885 

774 

27 0 

7-9967864 

7-9934800 

0-878760 

10 

7749 

4265 

746 

20 

7644 

4280 

782 

80 

7588 

4195 

718 

40 

7488 

4160 

704 

50 

7326 

4124 

690 

28 0 

7-9967220 

7-9984089 

0-878676 

10 

7112 

4058 

661 

20 

7006 

4017 

647 

80 

6897 

8981 

688 

40 

6788 

8945 

618 

50 

6679 

8908 

604 

29 0 

7-9966670 

7-9988872 

0-878589 

10 

6460 

8885 

574 

20 

6850 

8799 

660 

80 

6240 

8762 

646 

40 

6129 

8725 

580 

50 

6017 

8688 

515 
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TABLES TO FACILITATE THE OOMPUTATIONS-conftntteA 
Table Q.— continwd. 

LoaABITHMB OP FaOTOBS DEPENDING ON THE BaDH OP OoBVATUBB— 

contimted. 


Lat. 

Log M. 

Log K 

Log E. 

0 / 

80 0 

7*9955906 

7*9988651 

0*878601 

10 

6794 

8618 ! 

486 

20 

5681 

8676 1 

471 


5568 

8688 1 

45G 


5455 

8601 ; 

440 

r>o 

5842 

8468 

425 

81 0 

7*9955228 

7*9988425 

* 0*378410 

10 

5114 

8887 

895 

20 

4999 

8848 

880 

30 

4884 

8810 

864 

40 

4769 

8272 

849 


4653 

8288 

* 

884 

82 0 

7*9964687 

7*9988195 

1 0*878818 

10 

4421 

8166 

803 

20 

4805 

8117 

287 

30 

4188 

8078 

271 


4071 

8089 

256 

50 

8058 

8000 

240 

33 0 

7*9958885 

7*9982960 

0*378224 


Table B. 


Logarithms op Paotobs depending on the Badh op Cdbyatobe and 

ON Functions op the Latotode. 


Lat, 

Log h. 

Log F. 

Log G. 

Log H. 

Log J. 

Log P. 

Log 0. 

0 ! 

21 0 

5*069796 

4*440 

4*09107 

4-G21C8 

■■ 

4*7888 

9*6784 

10 

783 

*442 

*09484 

*61798 


•7817 

*6844 

20 

772 

•444 

•onsiVJ 

*61420 


*7297 

*6904 

80 

700 

*446 

*10282 

*61048 


*7277 

*6968 

40 

748 

*448 


*60680 


*7268 

•7022 

50 

786 

*451 


*60814 


*7240 

*7080 

22 0 

6*069726 

4*464 

4*11884 

4*59949 


4*7222 

9*7188 

10 

718 

*466 

•11697 

*59688 


*7204 

*7196 

20 

700 

*468 


*69228 


*7186 

*7262 

80 

688 

*460 

*12417 

*68870 


*7168 

*7808 

40 

676 

*462 

*12774 

*68515 


*7161 

*7864 

60 

664 

*466 

*18129 

*68162 


■7184 

*7419 

28 0 

5*069662 

4*468 

4*18482 

4*57809 

6*0268 

4*7117 

9*7478 

10 

689 

*470 

*18888 

*67460 


*7101 

*7627 

20 

627 

*472 

*14182 



*7086 

*7680 

SO 

614 

*476 

*14629 


« 

*7069 

*7688 

40 

601 

*478 

*14874 



*7064 

*7686 

60 

689 

*481 

*16217 

*56082 

» 

*7089 

*7788 

24 0 

6*069676 

4*484 

4*16668 

4*66740 

6*0292 

4*7024 

9*7789 

10 

668 

*486 

*16898 

*66402 


*7010 

*7840 

20 

650 

*488 

*16286 



*6996 

*7890 

30 

687 

*490 

*16672 

*64729 


*6982 

*7940 

40 

624 

*498 

*16907 

*64897 

‘0821 

*6968 

*7990 

60 

611 

*496 

*17240 


•0829 

*6966 

*8089 
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TABLES TO PAOILITATB THE COMPUTATIONS—eon<inu<d. 


Table B.— cmtimied. 


LodABTTHMB OB' FAOXOBS DEPBSKTDINO ON THB EaDH OB’ OdBYATUBBI AND 
ON Fdnohons OB’ THE Laxitxjdbi— conUntied. 


Lat. 

Log Jb. 

Log P. 

Log U. 

Cl 1 

25 0 

5'069498 


4-17671 

10 

486 


•17901 

20 

471 


•18280 

80 

468 


•18667 

40 

446 


•18882 

60 

481 

•612 

•19206 

26 0 

6-069418 

4-616 

4-19626 

10 

404 

•617 

•19840 

20 

801 

•619 

•20106 

80 

877 

•622 

•20483 

40 

368 

•626 

•20800 

60 

849 

•628 

•21116 

27 0 

6-069336 

4-631 

4-21429 

10 

821 

'638 

•21742 

20 

807 

•686 

•22068 

80 

298 

•689 

•22808 

40 

279 

•642 

•22671 

60 

266 

•646 

•22978 

28 0 

6-069261 


4-28284 

10 



•28688 

20 


•568 

•23891 

30 


‘666 

•24198 

40 

198 

•669 

•24496 

60 

179 

•662 

•24790 

29 0 

6-069164 

4-666 

4-26096 

10 

149 

•567 

•26896 

20 

185 

■SGI 

•26692 

80 



•26988 

40 

1 M 

•676 

•26288 

60 

H 

•679 

•26677 

80 0 

6-069076 

4-682 

4-26870 

10 

061 

•686 

•27162 

20 

046 

•688 

•27468 

30 

081 

•591 

•27748 

40 

016 

•694 

'28082 

60 

5-069000 

•697 

•28320 

81 0 

6-068986 


4-28607 

10 



•28893 

20 

966 


•29178 

80 

989 


•29468 

40 



•29747 

60 


•616 

'80081 

82 0 

6-068898 

4-018 

4-80814 

10 

878 

•021 

'30696 

20 

862 

•624 

•80877 

80 

846 

•627 

•81167 

40 

8^1 

•680 

•81486 

60 

816 

•688 

•81714 

88 0 

6-068799 

4-686 

4-81991 


Log H. 

Log J. 

Log P. 

Log 0* 

4-68734 

6-0886 

4-6942 

9-8087 

•63406 

•0844 

•6929 

•8186 

•68079 

•0862 

•0917 

•8188 

•52768 

•0869 

‘6906 

•8280 

•62429 

•0867 

•6898 

•8277 

•52108 

•0876 

•0881 

•8824 

4-61787 

6•0883 

4-0809 

9-8370 

•6146H 

•0391 

•6868 

•8410 

•61160 

•0899 

•6847 

•8400 

•50838 

•0406 

•(>830 

'8504 

•50518 

•0416 

•082G 

•8548 

•60206 

•0423 

■0810 

•8592 

4-40892 

6-0432 

4-6800 

9-8035 

•49681 

•0440 1 

•0790 

•8678 

•49272 

•0449 , 

•0787 

■8721 

•48964 

•0467 1 

•6778 

•8768 

•48667 

-0466 1 

•0769 

■8806 

‘48862 

•0478 

•6700 

•8846 

4-48047 

5-0481 

4-6761 

9-8887 

-47744 

•0490 

•6748 

•8928 

•47442 

•0499 

•0785 

•8908 

•47140 

•060H 

•6727 

•9008 

•40840 

•0617 

•6719 

•9048 

•46641 

•0626 

•6712 

•9087 

4-46248 

6-0683 

4-0706 

9-9120 

•46947 

•0648 

•6698 

•9104 

•46661 

•0668 

•6091 

•9202 

•46856 

•0563 

•6684 

-0240 

•46003 

•0672 

•6678 

■9277 

•44771 

•0682 

•6072 

-9824 

4-44479 

6-0691 

4-6666 

9-9861 

•44189 

•0600 

•6660 

•9887 

•48899 

•0610 

•6656 

•9428 

•48610 

•0619 

'6660 

•9469 

•43828 

•0629 

•6646 

•9494 

•48086 

•0639 

•0640 

•9629 

4-42760 

5-0049 

4-6636 

9'9664 

•42466 

•0658 

•6681 

•9698 

•42181 

•0068 

•6627 

•9088 

•41897 

•0678 

•6628 

•9060 

•41616 

•0689 

•6619 

•9699 

•41884 

•0699 

•0616 

•9782 

4-41068 

6-0710 

4-0612 

9-9766 

•40774 

•0721 

•0609 

•9798 

•40494 

•0781 

•0606 

•0880 

-40216 

•0742 

•6608 

'9861 

•89988 

•0768 

•6600 

•9898 

•89662 

•0764 

•6697 

•9924 

4-89886 

6-0776 

4-6695 

9-9966 


























TABLES TO FACILITATE THE OOMPUTATONS-fonftw/wL 


Table S. 


Distances pbom the 25th Parallel of Latitude. 


Lat. 

Dintaiice. 

0 / 

Eng. Feet 

21 0 

-1468258-17 

5 

- 1422984-60 

10 

- 1892716-62 

in 

-1302446-24 

20 

-1882170-60 

25 

— 1301906-77 

80 

- 1271686-68 

35 

— 1241860-08 

40 

—1211095-27 

45 

-1180824-16 

50 

- 1160552-78 

55 

-1120280-99 


Lat. 

DiHtiaiKX^ 

p / 

Eug, Feet 

2{] 0 

+ .‘)(J8183-67 

5 

+ 393721-!»» 

10 

+ 424010-77 

15 

+ 461299-90 

20 

+ 484689-39 

25 

+ 614879-24 

80 

+ 646169-46 

35 

+ 676460-02 

40 

+ 606760-94 

45 

+ 086042-23 

50 

+ 666883-87 

55 

+ 696026-88 


22 0 
r> 

10 

If) 

20 

20 

30 

85 

40 

45 

50 

56 


- 1090008-96 
-105973G-69 

- 1029403-91 

- 999190-92 

- 968917-62 

- 988644-00 

- 908870-07 

- 878096-82 

- 847821-24 

- 817640-86 

- 787271-14 

- 766996-60 


27 0 

6 

10 

16 

20 

26 

80 

36 

40 

46 

60 

55 


+ 72(1018-20 
+ 767211-00 
+ 78760.J-11 
+ 817707-68 
+ 848001-42 
+ 878886-02 
+ 908680-19 
+ 988076-18 
+ 900270-44 
+ 909666-12 
+ 1029862-17 
+ 1060168-60 


28 0 
6 

10 

16 

20 

25 

80 

85 

40 

46 

60 

65 

24 0 

5 

10 

16 

20 

25 
80 
85 
40 
45 
60 

66 

26 0 

6 
10 
16 
20 

26 
80 
85 
40 
45 
50 
66 


- 726719-76 

- 696448-67 

- 666167-07 

- 635890-24 

- 606618-08 

- 676886-60 

- 546057-79 

- 614779-66 

- 484601-17 

- 464222-86 

- 428948-28 

- 898668-76 


28 0 
6 

10 

16 

20 

26 

80 

86 

40 

46 

60 

66 


+ 1090466-88 
+ 1120762-66 
-f 1161060-09 
+ 1181848-01 
+ 1211046-80 
+ 1241944-97 
+ 1272244-01 
+ 1802648-48 
+ 1882848-28 
+ 1868148-41 
+ 1893448-97 
+ 1428744-91 


- 868888-95 

- 888108-81 

- 302828-34 

- 272642-58 

- 242261-89 

- 211979-91 

- 181698-08 

- 151416-92 

- 121188-42 

- 90860-58 

- 60667-40 

- 80288-87 


29 0 

6 

10 

15 

20 

25 

80 

86 

40 

46 

60 

66 


+ 1464046-28 
+ 1484847-94 
+ 1614660-02 
+ 1644962-49 
•+ 1676266-86 
+ 1606668-60 
■f 1686862-22 
+ 1666166-28 
+ 1696470-68 
+ 1726776-41 
-f 1767080-69 
+ 1787886-16 


+ 

•f 

'4' 

+ 

+ 

+ 

+ 

+ 

+ 


0-00 

80284-22 

60668-77 

90868-68 

121188-98 

161424-68 

181710-48 

211996-78 

242288-48 

272670-44 

802867-80 

888146-61 


80 


0 

6 

10 

16 

20 

26 

80 

86 

40 

46 

60 

66 


+ 

•f 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-f 


1817692-10 

1847998-44 

1878806-17 

1908612-80 

1988919-81 

1969227-72 

1999586-02 

2029844-72 

2060168-81 

2090468-80 

2120778-18 

2161088-46 
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TABLES TO PAOILITATB THE OOMPUTATIONS-contfntiwi. 
Table S—con^tMd 


Bistanoes from tbe 25th ParatjiEL of Latitude— continued. 


Lat 

Distance. 

Lat. 

Distance. 

• 9 

Eng. Ft. 

0 1 

Eng. Ft 

81 0 

+ 2161894*14 

82 0 

+ 2646168-61 

6 

+ 2211706-22 

6 

+ 2676469-41 

10 

+ 2242016-69 

10 

+ 2605786-72 

16 

+ 2272328-67 

15 

+ 2686102-48 

20 

+ 2802640-84 

20 

+ 2666419-66 

26 

+ 2882968-62 

26 

+ 2696787-08 

80 

+ 2868266-69 

80 

+ 2727066-01 

35 

+ 2898680-07 

86 

+ 2767878-36 

40 

+ 2428898-96 

40 

+ 2787692-10 

46 

+ 2464208-24 

46 

+ 2818011-26 

60 

+ 2484622-92 

60 

+ 2848880-88 

66 

+ 2514888-01 

66 

88 0 

+ 2878660-81 

+ 2908971-20 


(14181) 


S 









ASTBONOMICAL OBSEBVAXIONS AND BESULTS 


274 



li 

■g® s 

^ | f )i M 



^ -2 
IQ PQ CO PQ iH 

\0 'O <0 »Q 

« 

. O) • o 

o 5 -H iz; 


CO rH 

d? 

R ^ S*^ S l> 

4 CO ^ <N 

1 “* Is |s 

«§ n§ il® 


(N pq CD ^ 

1^ 

5 o J «0 t- 

w ai•'^^ t; 


o 





04 

o> 

GO 

o 


GO 

GO 

iH 


CD 

00 

o 

04 

o 

ao 

<N 

(N 

rH 

S 


l> 






to 

00 

to 

04 

•• o 

o 

O) 

O 

Od 


Oi 

GO 

o 



tfd 


to 

to 

to 

to 


O o 

o 

Od 

O 

Od 

a> 

O) 

a 

o 




00 

to 

to 

to 

to 





f-H 

CO 

CO 

00 

00 




o 

04 

IQ 


5 

l> 

00 

5 

04 

to 


tH 


tH 

iH 

fH 


tH 

rH 

e4 

d 


fA 


d 

d 


p4 

kQ 

O) 

GO 


r-i 





04 

to 

0 GO 

kQ 

IQ 

CD 

CD 

§4 

o» 

Oft 

iH 

® CM 

(N 

<N 

(N 

04 

04 

04 

00 

oJ 

cd 

cd 

t/J 

05 

cd 

a! 

cd 

od 

















275 


Table T— eontimud. 


AsTBOKOMioiLL Obsobvatioks AND EbsuIiTB— (ymtinued. 


SikMim-South Bad Houta Kyer ^ 

No. 245. 

Instrumental fEev. of S.T. Mio. 90*22 
constants 1 Div. of S. Level 1*20 

Dates—1905, June 27, 28, 29. 


Meridian Mark to S. 


Observer—S. 


Eeadiug of CoE Centre ■< 


June 27 


28 

29 


.... 5-128 
.... 5*109 
.. .5-132 


BigM Ascmsions. 


No. of 
Fair. 

Stars’ No. 
in 

Oape 90. 

U or L. 

Declination. 

H. M. 

Jtme 

27. 

28. 

29. 




o t 


fl. 

B. 

B. 

1 / 


TJ 

86 18 

18 26 

40-76 

40-66 

40-86 


211 

L 

77 6 

1 82 

66-82 

66-92 

66-02 

2 / 

288 

L 

86 14 

1 42 

84-88 

86-09 ' 

86-80 

^ \ 

1684 

TJ 

82 12 

18 48 

88-69 

88-47 

88-86 

8 / 

272 

L 

86 12 

14 2 

82-29 

82-48 

82-69 


1651 

U 

88 14 

2 11 

49-92 

49-79 

49-67 

—i 

846 

L 

79 81 

2 33 

• « 

82-99 



866 

L 

80 9 

2 84 

21-8*1 

• • 

22*28 

HB 


U 

87 46 

14 41 

48-72 

48-37 

48-08 

BH 

872 

L 

85 25 

2 46 

• • 

a • 

66-78 


1784 

u 

82 40 

14 48 

24*07 


28-88 

w 


L 

88 83 

2 69 

66-89 

■ • 

•• 



L 

79 21 

8 10 

87-14 

87-22 

87-29 

HH 


0 1 

84 9 

16 21 

84-78 

84-68 

84-68 

mm 

452 

L 

78 40 

8 88 

18-02 

18-09 

18-16 

10 r 

1878 

U 

77 46 

15 46 

49-00 

48-96 

48-98 

11 1 

616 

L 

86 88 

8 69 

88-64 

88-66 

88-78 

1 


U 

78 28 

16 6 

17-68 

17-66 

17-62 

12 r 

648 

L 

80 26 

4 24 

12-88 



18 < 

1964 

U 

86 11 

16 26 

49-86 

49-76 

49-68 

14 1 

668 

L 

81 48 

4 29 



10-02 

u ^ 

667 

L 

88 6 

4 88 

88-07 


• * 

16 / 

696 

L 

88 40 

4 49 

26-68 


■ m 

16 ^ 

S*9148 

U 

82 11 

16 60 

18-21 


• fl 

16 S 


tJ 

87 18 

17 9 

17-86 

17-80 

« • 

16 -1^ 

626 

L 

82 86 

6 9 

26-26 

26*29 

• • 

17 f 


TJ 

80 46 

17 18 


68-04 

m • 

18 1 

648 

L 

88 68 

6 21 

84-86 

84-88 

■ » 

18 1 

2181 

0 

86 11 

17 81 

66-76 

•• 

m • 

19 S 
19 

694 

L 

84 60 

6 48 

16-84 

16-84 

• « 


2192 

U 

87 40 

17 59 

48-14 

48-17 

• • 


*S ... Oape ’80 Oat. (Stone). 


(14181) S 2 
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Table T— contmtMd. 

' AbtbonohioaIi Obsbbtatioi^b Am> EBStnjTS— contimted. 
South End Houts Biver Base — contin/ued. 


Trmsita. 


No. of 

Stars' No. 
in 

Oape 90. 

h; M. 

June 

Fair. 

27. 

28. 

29. 





B. 


B. 


fl. 

1 f 

1540 

18 26 

W. 

44'66 


60-12 

B. 

88-72 


211 

18 82 

52-69 

48-68 

60-07 

2 / 

288 

18 42 

W. 

29-62 

E 

22-74 

E 

27-96 

^ 1 

1584 

18 48 

89-44 

44-01 

86-88 

« { 

272 

14 2 

W. 

27-70 

E 

17-12 

E. 

26-32 

1661 

14 11 


60-86 

47-29 


84G 

14 88 


« • 


29-96 



‘{ 

865 

14 84 

E. 

11-82 



W. 

12-h 


14 41 






49-21 

0 r 

872 

14 46 


• • 


• e 

W. 

47-44 

7 1 

1784 

14 48 

E. 

28-08 



22-74 

^ i 

404 

14 69 


26*69 


. « 


« ■ 

r 


16 10 

B. 

B. 

82-86 


84-68 

w. 

w. 

81-66 


1808 

15 21 


r 88-66 
\ 88-08 

f 84-08 

1 88-76 

1 

452 

15 88 

18-26 

16-39 

12-29 


1878 

15 46 

B. 

50-44 

W. 


E 

47-93 

■ ^ 

616 

15 59 

/ 26-10 

r 81-43 

r 21-44 

11 

E 

\ 24-60 

w. 


E 

\ 20-r)G 



16 6 

19-01 

16-77 

' 16-80 


548 

16 24 

E 

8-07 




• a 

12 

18 H 

1964 

16 26 

/ 67-60 
\ 67-92 

w. 

49-41 

W. 

66-78 

14 

668 

16 29 

B. 


7-12 


1-62 

he 

567 

16 86 

81-80 


• • 


• • 

16 { 

595 

16 49 

W. 

22-28 

E 

18-88 


fl s 

8 9148 

16 50 

18-66 

18-56 


« B 

16 { 

2060 

17 9 

W. 

21-54 

E 

89-40 


a a 

626 

17 9 

22-82 

14-92 


fl « 

17 f 


17 18 


• 

B. 

67-92 




648 

17 21 

W. 

81-85 

21-89 



2181 

17 81 


57-68 


• • 



19 { 

694 

17 48 

W. 

11-69 


0-66 


• • 

4 • 

2192 

17 59 

52-66 

Jli. 

74-01 


V • 
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Table 'S^^ontimti. 

AflTEONOMioAi. OBsaRYATioirs AND RESULTS — omtinued. 
South Eud Houts River Base— oondnued. 
Readings of Ma/rh and Level (mi seconds of arc). 


Juue 


Stanf No. 
in 

Gape 90. 

27. 

28. 

29. 

Mark. 

Level 

Mark. 

Level. 


Level 

1640 \ 

211 / 

m. 

6‘068 

-•0-80 

+0-80 

w. 

6-262 

II 

-1-62 

-1-92 

rer. 

5-206 

n 

+8-76 

+4-60 

288 \ 
1684 J 

6-069 

+1-20 

+1-84 

6-271 

-8-86 

-8-90 

6-205 

+4-66 

+4-26 

272 \ 

1661 / 

6-074 

+2-20 

+1-42 

6-284 

-4-20 

-4-60 

6-202 

+8-76 

+8-18 

846 \ 

1704 / 

m • 

• • 

• • 

6-085 

• 

+0-96 

+1-84 

m m 

• • 

• • 

866 \ 
1704 / 

6-207 

-4-04 

-4-61 

• ■ 

. . 

6*065 

+0-40 

+1-86 

872 \ 

1784 / 

• « 

• • 

• • 

• « 

• • 

• • 

6*061 

+2-90 

+8-48 

1784 \ 

404 / 

6-216 

-6-18 

-6-60 

• • 

• • 

a ■ 

• • 

• • 

■ • 

407 \ 

1808 / 

5-220 

-6-91 

-0-09 

5-087 

+1-89 

+2-C0 

5*066 

+8*88 

+2*40 

1808 \ 
462 S 

6-221 

-6-86 

-6-69 

6-088 

+2-76 

+2-87 

6*067 

+2-62 

+8-66 

1878 \ 

616 / 

6-222 

1 

-1-60 

-2-10 

6-098 

+2-46 

+8-04 

6*248 

-1*64 

-1*58 

616 \ 
1920 / 

1 

6-228 

-1-96 

-1-20 

6-097 

+8-46 

+8-68 

6*248 

-1-49 

-1*68 

648 \ 

1964 / 

6-219 

-0-98 

-1-29 

• • 

• • 

. ■ 

• • 

« « 

■ • 

1964 \ 

668 / 

• e 

• ■ 

• • 

6-088 

+8-46 

+2-78 

6*055 

-1*02 

-1-04 

1964 1 

667 / 

6-216 

-1-62 

-2-00 

P • 

■ • 

• • 

• • 

• ■ 

• « 

696 \ 

S9148 / 

6-074 

+2-10 

+2-62 

5-802 

+1-16 

+0-04 

m • 

• • 

2060 \ 
626 / 

6-078 

+2-02 

+2-10 

5-808 

-0-76 

-1-26 

« • 

• • 

a m 

2090 \ 

648 J 

• • 

• • 

■ ■ 

6-296 

-1-60 

-1-47 

f 

.. 

• m 

• • 

648 \ 

2181 / 

6-081 

+2-66 

+8-84 

■ a 

• t 

• • 

■ • 

• • 

694 \ 

2192 / 

6-086 

+4-66 

+4-96 

6-291 

-1-66 

-2-61 

• • 

t f 

• • 


S 3 


(14181) 














S78 


Table T— oontimud. 

AsTBONOMiOAii OBSEttVATioira AtTD 'RwuLTS—Continued. 
South Eud Houts Biver Base— concluded. 
Besulting Admutlia oj Ma/rh 


Stars’ No. 
in 

Oai)e 90. 

June 

27. 

28. 

29. 

1540 'I 

211 / 

+0''76 

H 

+1-15 

II 

—1-92 

288 \ 

1684 S 

+0*24 

-1*29 

-0*88 


+0-14 

+0-06 

-1*08 

846 I 

1704 / 

« • 

+0>45 

• • 

855 \ 

1704 / 

+1-81 

•• 

-0-26 

872 \ 

1784 / 

• • 

• ■ 


1734 \ 

404 / 

+0-84 

* • 

a • 

407 \ 

1808 / 

+1’86 

+0-48 

+0*88 

1808 \ 

452 / 

+1-00 

+0*16 

+0-62 

1878 \ 

616 / 

-0-82 

-0-17 

-0*82 

616 \ 

1920 / 

-O'll 

+1-04 

+0-01 

648 \ 

1964 / 

+0*77 


• a 

1964 \ 

668 / 

e • 

+ 1-12 

-2-86 

1964 \ 

667 S 

+1-08 

«• 

• • 

696 1 

8 9148 ; 

+0-68 

+0-84 

« « 

2060 I 

626 J 

+0-08 

+0*81 

• • 

2090 'I 

648 j 

* • a 

+0-98 

9 « 

648 '1 

2181 J 

* +0'81 

■ • 

e • 

694 

2192 J 

- +2-00 

+1-16 

• • 

Means «• 

+0-76 

+0-61 

—0*64 


General Mean +0"*80. 
Aamuth of Mark 0° 0' 0"'80 ± 0"’18. 
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Table T^-oontinuad 


AsTROiiroMiOAL OBSBRyA.TioNB AND Bbbudts— oontinued. 


aa<««-Nora. End Ottonhoop j. 

No. 94. „ 

Instrumeatal JEev. of S.T. Mic. 90'16 
Constants LDiv. of S. Level 1*20 

Meridian Mark to S. 2 miles. 

Dates—1904, June 13, 16, 17, 18. Beading of ColL Centre. 9*955 

Observer—M. Beading of Centre Wire ...10*000 


Right AaceTmms. 


No. of 
Pair. 

Star^No. 

in 

Gape 90. 

U or L 

Declina- 

tiioiL 

H.M. 

Jime 

18. 

16. 

1 

17. 

18. 




0 r 



B. 

B. 

B< 

0. 

1 r 

1684 


82 11 

18 

48 

84*09 


88-68 

88-66 


240 


80 89 

1 

48 

81-81 

82-18 

82-25 

32-87 

2 / 

272 


85 18 

'2 

2 

88-46 

88-88 

84-09 

84-81 


1646 


82 24 

14 

10 

22-87 

22-61 

22-60 

22-38 

S / 

846 


79 82 

2 

S3 

82-88 

38-10 

83-1!) 

33-28 


1704 

u 

87 46 


41 

27-18 

26-42 

26-10 

1 

25-76 

4 / 


L 

85 26 


46 

59-64 

00*05 

00*22 

60-40 


m 

TJ 

72 24 

i 

2 

47-96 

47*91 

47*88 

47-85 


TransiU. 


Ho. of 


H.M. 

June 

Pair. 

IS. 

16. 

17. 

18. 


1684 

240 

18 48 

18 48 

w. 

46- 69 

47- 66 

R 

B. 

48-41 

44-86 

R 

B. 

47- 41 

48- 02 

W. 

a. 

89-09 

46-16 


272 

1646 

14 2 

14 10 

R 



65-07 

88-06 

W. 

62-67 

81-64 

R 

47-60 

82-96 

•{ 

846 

1704 

14 88 

14 41 

R 

48*49 

88-88 


49-06 

80*66 

W. 

48-01 

27-79 

R 

44-98 

86-29 


872 

1760 

1 

14 47 

15 2 


22-86 

60-66 

E. 

14-14 

62-08 

R 

16-14 

60-08 

W. 

19-02 

67-09 


S 4 


(14181) 
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Table T—conftntMd. 

Astbonomioax OassBYATioNS AND Besitlts— 

North End Ottosboop Base— condvded. 

Headings of Mark and Level {in divisions of striding l&oel). 


Jane 


Stan^ No. 
in 

Gape 90. 

18. 

16. 

17. 

18. 


Mark. 

Level. 

Mark 

Level 

Mark. 

Level 

Mark. 

Level. 

1684 \ 
240 / 

MT. 

10*090 

dir. 

+0*87 

+0*10 

ler. 

9*870 

dir. 

-2*62 

-2*46 

m. 

9*860 


roT. 

10*160 


272 \ 
1646 / 

9*882 

-8*60 

-8*00 

10*112 

+6*10 

+6*66 

10*140 


9*810 

-2*80 

-8*60 

346 \ 
1704 / 

9*882 

-8*16 

-2*90 

10*121 

+8*66 

+4*00 

10*186 


9*880 

m 

872 \ 
1760 / 

10*188 

+4*86 

+6*60 

9*840 

-2*70 

-4*20 

9*807 

-8*40 

-4*70 

10*146 

+2*40 

+2*16 


Resulting Azimuths of Mon'h. 


.Stars* No. 
in 

June 

Gape 90. 

18. 

16. 

17. 

18. 

1684 \ 
240 / 

tf 

+8*06 

ft 

+ 8*88 

It 

+ 8*67 

It 

+8*96 

272 \ 
1646 / 

+6*28 

+ 7.79 

+ 9*66 

+7*82 

846 \ 
1704 / 

+6*96 

+10*71 

+11*87 

+7*86 

872 \ 
1760 / 

+8*08 

+ 8*81 

+ 6*88 

+8*27 

Means .. 

+7*81 

+ 8*91 

+ 9*10 

+8*22 


Oeneral Mean + 8"*89. 

Asdmatb of Mark 0“ 0' 8''*89 ± 0"*20, 
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Table T^ootOimud. 

AsTfiOiroHioAL OBsmvATioNS AND BBsmiTS— continued. 


Station —South End Bel&st Base 
No. 77 

Meridian Mark to N. 2 miles 
Dates—1904, PeK 4, 5, 11, 12. 

Observer—M. 


{ 


Latitude 25® 40' S. 
Longitude 2h. Om. E, 


Instrumental f Bev. of S.T. Mic. 90*00 
Constants Level L*50 

Beading of Coll. Centre 9*990 

Beading of Centre Wire 9*940 


BigM Ascensions. 


No. of 

m 

U 

or 

L 

Dedlina- 

H.M. 


FebruaTy 


Pair. 

tion. 

4. 

6. 

11. 

12. 

1 f 

1958 

L 

o i 

87-24 

16 24 

61-28 

.’il-'72 

8. 

• • 

Bp 

• i 

^ i 

568 

cr 

81*48 

4 29 

28-85 

28-69 

•• 

•• 

i s 

m 

U 

82-86 

6 9 

50-68 

60-47 

49-89 

49-19 


2090 

L 

80-46 

17 18 

26-67 

26-80 

27-76 

27-01 

«{ 

648 


88-58 

6 22 

6-47 

6-28 

4-98 

* • 

2181 

£j 

86-11 

17 81 

8-04 

8-28 

9-99 

9 i 


694 

u 

84-50 

5 48 

• • 

65-IJ 

68-67 

• 9 

^ \ 

2192 

L 

87-40 

17 68 

■ • 

8*48 

11-72 

9 9 

& s 

dr Oct. 

L 

89-14 

19 4 

69-40 


68-06 

69*62 


858 

u 

86-58 

7 21 

6-67 

•• 

8-78 

8-80 

' { 

870 

u 

78-64 

7 81 



2-44 

2-86 

2485 

L 

81-85 

19 88 

■ ■ 

•• 

13-40 

13-61 

7 / 

919 

U 

81-21 

7 56 

. • 

9 9 

23-24 

23-14 

^ \ 

2502 

L 

88*86 

20 4 

* • 

• i 

14-79 

14-90 


Trcmsits. 


No. of 

Stars’ Na 
in 

Oape 90. 

RM. 

Pebmaty 

Pair. 

4. 

6. 

11. 

12. 





B. 


B. 


a. 


B. 

1 / 

1968 

4 26 

W. 

28-76 

B. 

27-74 


• 9 





4 29 

64-69 

55-68 


•• 


•• 

^ { 

626 “ 

6 10 



W. 

17-40 

B. 

26-60 

W. 

26-00 


6 18 

£i. 

67-67 

58-66 

60-61 

62-66 

» { 

648 

6 22 

W. 


TO 

20-60 

W. 

88-16 



2181 

6 81 


Cj. 

44-88 

46-88 


• • 

4 / 

' 694 

6 49 


0 9 

w. 

20-41 

W. 

22-24 




2192 

6 68 


9 9 

47-48 

61-93 


* • 

6 / 

Oot. 

7 6 

B* 

67-99 


• ’ 1 

9 9 

B. 

58-01 

B. 

89-98 


868 

7 21 

28-88 


9 9 1 

87-88 

40-72 

« { 

870 

7 81 




9 9 


86-88 

B. 

88-16 

2486 

7 88 


• 9 


•• 


49-20 

48.20 

7 S 

919 

7 66 


9 9 



W. 

68-64 

W. 

69-81 

^ \ 

2602 

8 4 


9 9 


• • 

66-28 

48-44 
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Table T— eonUmud. 

ABTBONOliioAL Obshevatioits AND Ebsults— cmtinued. 

South End Belfast Base {conchided). 

Readings of Mark and Leoel {in divisions of striding level). 


Febrnary 


Stared No. 
in 

Oape 90. 

4. , 

6. 

11. 

12. 


Mark. 

Level. 

Mark. 

Level. 

MarL 

Level 

Mark. 

LeveL 

1968 \ 
668 / 

toy. 

10*600 


Ter. 

9*486 


per. 

a m 

dir. 

a a 

a a 

rev. 

a a 

diy. 

a a 

626 \ 
2090 J 

9*400 

+0*06 

-1*00 

10*660 

+0*62 

-0*06 

9*866 

-0*85 

-0*66 

10*700 

+0*80 

+0*82 

648 1 
2181 J 

10*496 

+2*02 
+ 1*82 

9*477 

+0*66 

+0*20 

10*681 

-1*20 

-0*70 

•• 

, , 

694 \ 
2192 / 

•• 

, , 

10*656 

+0*96 

+0*80 

10*667 

-1*05 

-0*47 

• • 

a a 

a a 

irOct. \ 
868 / 

0-894 

-0*27 

-0*02 

a a 

•* 

9*425 

-0*02 

-0*26 

9*879 

+0*40 

-0*12 

870 \ 
2436 / 

■ • 

a • 

■ a 

a a 


9*480 

-0*82 

-0*22 

9*878 

-0*47 

-0*76 

919 *1 
2602 / 

•• 

a a 

a a 


a a 

a a 

10*668 

+0*50 

+1*10 

10*712 

-0*60 
+ 1*85 


ResvXting Aeirmtihs of Mark. 


Stars’ No. 

ill 

Oape 90. 

February. 

4. 

5. 

11. 

12. 

1968 \ 
668 J 

-6S*99 

-5'6*16 

/I 

a a 

tl 

■ . 

626 X 
2090 / 

-69*17 

-57*29 

-61*90 

-61*16 

648 \ 
2131 / 

-58*48 

-66*44 

-61*61 

■ • 

694 X 
2192 / 

•• 

-67*04 

-62*00 

. • 

O’ Oct. X 

868 J 

-60*27 

1 

a 

-68*19 

-68*86 

870 X 
2486 / 

a a 

a a 

-64*81 

-64*27 

919 X 

2602 J 

a • 

a a 

-62*21 

-62*11 

Means 

-66*48 

-66*78 

-67*64 

-67*86 


General mean—67” * 19. 

Azimuth of Mark 869* 69' 2"'81 db 0'17. 
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Table 'E—oonUmud. 


ASTEONOMIOAIi OsSBIt^ATIONS AND RESULTS— Omtiuiied. 


Staticmr-^Sb^i^ Hill, B. 


No. 96. 

Meridian Mark to N. 1 mile. 

Instrumental f Rev. of S.T. Mic. 90^20 
Constants LDiv.-of S. Level 1*20 


Dates—1904, April 19, 20,21,26, 27. 
lifey 2, 3. 

Reading of J 
Coll. Centre 1 

rApril 19, 20. 

„ 21, 26, 27.. 1 
[May 2, 3 .J 

9-813 

9-980 

Observer—M. 

Reading of J 
Centre Wire] 

r April 19, 20. 

„ 21, 26, 27.. \ 
[May 2, 8 ./ 

9-980 

10-000 


Bight Asoemiom. 


Naof 

Pair. 

stared Na 
ia 

Gape 90. 

Uor L. 

Declination. 

M. 

April 

May 

19. 

20. 

21. 

26. 

27. 

2. 

8. 



! 

0 

t 


i 

B. 

B. 

H. 

B. 

8. 

1 

H. 

B. 

1 / 

1247 

U 

86 

86 

10 

m 

69-62 

59-31 


67-84 

67-62 

26-68 

66-28 

\ 

, 

2849 


80 

88 

22 

□ 

19-28 

19-89 

19-61 

20-18 

20-24 

20-80 

20-98 

2/ 

2882 

L 

80 

0 

28 

0 

27-62 

27-62 

27-78 

28-27 

28-87 

28*86 

28-97 

\ 

1800 

u 

1 

85 

14 

11 

7 

61-28 

61-12 


49-94 

49-76 

48-89 

48-70 

J 

2906 

L 

88 

1 


m 

12-00 

12-41 

12-86 

16-80 

16-72 

17*85 

18*85 


1812 

u 

79 

9 


Hi 

68-69 







1 

1829 

U 

88 

48 

11 

24 

• • 

80-10 

29-48 

26-88 

24-72 


21~64 

A 

1846 

u 

84 

67 

11 

86 

« • 

88-94 

88-81 

88-01 

82-86 

82-17 

82-01 


2974 


86 

26 

28 

46 

• • 

1-87 






1 

2976 


82 

88 

28 

46 

• • 

ft ft 

17-67 

18-28 

18* M 

18“82 

18-k 


1870 


85 

6 

11 

57 

• • 

ft ft 

61-00 

60-29 




6 \ 

8 

kI 

86 

84 

0 

2 

• ft 

ft ft 

69-64 


.. 



1 

20 

■I 

86 

82 

0 

9 

ft ft 

ft ft 

.. 

20-46 


. . 

■ ft 

r 

20 

L 

86 

82 

0 

9 

19-48 

.. 






M 

1410 

U 

86 

87 

12 

18 

18-65 

ft « 

18-47 

17-80 




L 

79 

■■ 

86 

14 

0 

39 

ft ft 

ft ft 

12-89 

18-07 

18-19 

•• 

ft ft 
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Table H—contimtd. 


Astbonomioal Obsbbvationb and Results— oontirMed . 
Observatory Hill, Johannesburg — continued . 


Tromsits. 


No. Stars’ 
of No. in H. M. 
Fair. Gape 90. 
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Table T— continued. 


Asxbonomigai. OBSERVATroNB AND BESDiiTS— cmtwued. 
Observatory Hill, Johannesburg — condvded. 


Resulting Agimutha of Mark, 


Stars' No. 
in 

Gape 90. 

April 

May 

19. 

20. 

21. 

26. 

27. 

2. 

8. 

1247 \ 
2849 / 

U 

+8-10 

II 

-8*01 

II 

+4-66 

u 

+0-29 

U 

-1*02 

II 

+7*89 

II 

-1‘06 


+0*80 

+8*54 

+0-18 

+6*89 


-1*44 

+2*97 

2905 1 

1812 y 

1329 J 

+8*58 

+2*80 

+0'67 

+7*06 

+1*58 

-1*80 

+8*84 

1845 1 
2974 y 
2976 J 

•• 

+2-60 

• • 

+5-19 

+0-80 

+1*47 

+7*67 

+1*28 

1870 1 

20 J 

•• 

« • 

+1*82 

• a 

+0-10 

+0'81 

* « 

• • 

20 1 
1410 )■ 

79 J 

+8-0G 

• • 

•• 

+i'68 

+6'70 

+i*28 

« m 

a « 

Means.. .. 

+2-61 

+1-48 

+2-32 

+8*80 

+0-78 

+8-06 

+1*76 


General Mean + 2" * 17. 


Azimuth of Mark 180* 0' 2"'17 ± 0"*18, 


Tim concwto bam was far from steady, and it was very difficult to ensure the accuracy of 
the readings of Level and Mark. 

















287 


Table V—oontinued. 


Astbonomioal Obseevations and Besums— continued. 


Station —^Driekuil 


Latitude 26° 45' S. 
Lougitude 1° 44' E. 


No. 215. 


Instrumental f Bev. of S.T. Mic. 90*86. 
constants \ Div. of S. Levd 1’60. 


Meiidian Mark to S. 2| miles. Beading of Coll. Centre. 9.980. 


Dates—1905, Oct. 14, 15,19. Beading of Centre Wii*e.10*010. 


Observer—M. 


Right Ascensions. 


No. at 

Stars’ No. 
in 

Gape 90. 

UorL. 

Deoliuatiou. 

H. M. 

October 

Fair. 

14 

15 

19 



■■ 

o r 


B. 

B. 

imiii 

1 / 

1188 



9 86 

89-58 

89-65 



2688 

U 

89 18 

21 44 

10-42 

8-80 


»{ 

1188 

L 

81 45 

10 8 

18-86 

13-99 

14-68 

2777 

U 

80 55 

22 0 

80-49 

80-88 

29-96 

»{ 

2786 

u 

86 27 

22 18 

62-06 

a a 

• • 

1220 

L 

89 2 

10 16 

81-91 

.. 

■ 4 

* {' 

1220 

L 

89 2 

10 16 

• • 

82-99 

87-17 

2805 

U 

60 82 

22 22 

• . 

88-10 

88-00 

5 ^ 

1288 

L 

81 26 

10 82 

21-55 

21-66 

22-14 

® \ 

2849 

U 

80 87 

22 41 

88-29 

88-20 

87-84 

« { 

1287 

L 

84 5 

10 59 

54-02 

64-17 

64-78 

2889 


81 26 

28 4 

22-79 

22-70 

22-84 

7 / 

2905 

u 

88 0 

28 14 

25-65 

26-26 

28-68 


1829 

L 

88 48 

11 22 

45-87 

45-96 

48-48 

® { 

2987 

U 

77 64 

28 27 

■ « 

17-01 

16-79 

1845 

L 

84 58 

11 85 

• • 

10-77 

11-24 

« { 

2975 


82 88 

23 46 

• • 

40-06 

89-72 

1870 

L 

85 6 

11 67 

• • 

27-60 

28-04 
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Table T— cmtinued* 


AsTRONOMioAi Obshuvationb AND RESULTS— cmtinwd. 


Driek uil— continued. 


Transits. 


No. of 

Stars’ No. 
in 

Oape 90. 

H. M. 

Ootober 

Fair. 

14. 

16. 

19. 





B. 


B. 


B. 


1188 

21 86 

E 

46*87 

W. 

49*44 

E. 

60*94 


2688 

21 44 

68*16 

26*60 

40*99 

2 / 

1188 

22 8 

w. 

21*18 

E. 

19*99 

W. 

mtm 


2777 

22 9 

44*88 

44-66 


' { 

2786 

22 14 

w. 

10*44 


9 9 



1220 

22 15 

16*48 

• • 

9 9 

• • 

• • 

4 / 

1220 

22 16 


• a 

E 

11*18 

w. 

47*88 

\ 

2805 

22 22 

« • 

9 9 

49*62 

61*17 

6 / 

1288 

22 32 

E. 

28*96 

w. 

81*68 


86*14 

1 

2849 

22 41 

61*67 

49*97 

tu. 

61*17 

(5 / 

1287 


E. 

0*66 

w. 

4*17 

E. 


\ 

2889 

28 4 

86*24 

88*87 

86*18 

7 / 

2905 

28 14 

W. 

62*89 

E 

48*81 

W. 

87*79 

\ 

1829 

28 22 

88*64 

JU. 

84*72 

0*10 

’ { 

2987 

1846 

28 27 

28 85 

. . 

• » 

E. 

29*79 

16*09 

w. 

29*91 

24*99 

’ { 

2975 

28 46 


m * 

W. 

61*62 

E 

53-87 

1870 

28 67 

• « 

• • 

86*10 

87*91 


Readings of Movrh and Levds {in divisions of striding Level). 


Stars’ No. 
in 

Oape 90. 

October 

14w 

16. 

19. 


Mark. 

Levd. 

Mark. 

Level. 

Mark. 

Level 

1188 \ 
2688 / 

rev. 

10*166 

diy. 

-0-40 

-0-46 

rev. 

9*886 



rev. 

10*129 

div. 

-0*66 

-1*20 

1188 \ 
2777 / 

9*828 

-1*96 

-1*80 

10*162 


+0*16 

0*00 

9*889 

-0*66 

-0*66 

2786 \ 
1220 J 

9*822 

-1*40 

-1*00 

• • 


• 9 

• • 

• ■ 

• • 

• 9 

1220 \ 
2806 / 

•• 

• • 

10*170 


+0*46 

-1*40 

9*882 

-0*76 

-1*70 

1288 \ 
2849 / 

10*164 

-0*82 

-0*66 

9*876 


-1*00 

-0*60 

10*091 

-0*66 

-1*00 
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Table T— eoraiwied. 

AsTBONOiacAii OBSBRYATioys Am) Eesui/cs — continued. 
Driekuil— concluded. 


Readings of MarTc and Levels {in divisions of striding! levd) —continued. 



Resulting Azimuths of Mcarh. 


Stars’ No. in 

October 

Oape 00. 

. - 1 

14. 

1 

15. 

lU. 

• 

II 

// 

II 

1 1188 \ 

1 2688 J 

- 8*71 

-7-17 

-9*50 

1 

j 1188 \ 

1 2777 S 

1 t ^ 

1 - 7*21 

-G-29 

-C*92 

1 

1 

! 

1 2786 \ 

12 20 J 

! 

I - 7*7l 

1 1 

1 

• • 

• a 


1220 \ 
28p5 / 

« • 

-8-07 

-9M0 


1 

1208 \ 
2849 / 

- 9-66 

-7-86 

-10-61 

; I 

1287 \ 

i 2889 ; 

-10-26 

-8-18 

-8-82 

! 2905 \ 

1829 / 

- 6-70 

-8-68 

-6-76 

2987 \ 

1845 / 

•• 

-8-98 

-8-20 

2976 \ 
1870 / 

• t 

-7-44 

-9-09 

Means 

- 8-88 

-7-88 

-8-60 


General Mean — 8" • 2G 
Azimuth of Mark 869“ 59' 51" *74 + 0"*16 


T 


( 14181 ) 
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Table T — oontinued. 


AflTBONOMiOAii Observations and Ebsults — oonUnued. 


Station —Bosohrand 


f Latitude 27® 44' S. 

L Longitude Ih. 49m. E. 


No. X06. „ 

Instrumental JEev. of S.T. Mio. 90‘36 
Constants "[ Div. of S. Level 1 *60 


Meridian Mark to S. miles. 

Dates—1905, Aug. 28, 30, 31, Sept. 8. 


Beading of Coll. Centre 9*980 


Observer—^M. 


Bight Ascensions. 


No. 

of 

Pair. 

Stars’ Na 
i in 

Oape 90. 

H 

Dedin- 

ILM. 


August 


Sept 

atiou. 

28. 

80. 

81. 

8. 

1 f 



0 r 

83 12 

17 86 

18*'ll 


8 . 

• . 

8 . 

■ « 

^ i 



80 S3 

6 44 

86-76 


• • 

» • 

2 / 



87 40 

17 69 

86-10 

34-18 

» • 

32-14 

^ \ 

721 


86 66 

G 4 

84-46 

84-99 

• 8 

36-16 

»{ 


u 

84 8 

18 87 

67-72 

67-42 

67-24 

66-68 

784 

■■ 

I 80 48 

6 47 

60-89 

51-10 

61-21 

51-57 

4 / 

811 




20-30 

29-47 

• • 

29-86 

^ 1 

2304 

u 

EH 


66-98 

64-79 

• • 

49-58 

5 / 


u 

81 67 

19 16 

88-50 

88-82 

88-21 

82-84 

® \ 

858 

L 

86 58 

7 19 

67-68 

68-18 

68-47 

59-42 

«{ 


L 

78 64 

7 80 

46-80 

46-94 

47-02 

47-28 

2485 

U 

81 35 

19 88 

43-95 

48-80 

43-71 

48-88 

7 / 

919 


81 21 

7 66 

1-61 

1-07 

1-76 

2-05 

^ \ 

2502 


88 86 

20 4 

64-16 

68-99 

58-89 

68-61 


2.'581 


84 44 

20 20 

19-08 

18-91 

18-80 

18-89 

979 


80 86 

8 29 

68-07 

53-18 

68-24 

68-46 

9 / 

msm 


86 14 

8 88 

6-41 

t s 

8-76 

6-27 

\ 

2612 

U 

86 85 

20 66 

19-88 

• • 

19-17 

18-79 

10 { 

2660 

u 

85 IS 

21 11 

68-98 

• % 

• • 


1106 

L 

84 16 

9 25 

40-82 

« • 

A • 

• • 
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Table H—coaUnved 

Asteonomioal Observations and Ebsubts— oonh'nttec?, 

Bosohrand— continued. 



Readings of Mark and Levels (mi divisions of striding level). 





Aiigusi 













.1. O 

Stars* No. 
in 

Gape 90. 

28. 

so. 

81. 

oopi. u* 


Mark. 

Level. 

Moxk. 

Level. 

Mark. 

Level. 

Mark. 

Level. 

2189 \ 
684 / 

*»▼. 

9-806 

dir. 

-0-40 

-0-80 

roT. 

10-166 

dir. 

+0-70 

-0-20 

rer. 

• ■ 


m. 

.. 

dir. 

• « 

« ■ 

2192 \ 
721 / 

10-194 


9-804 

—0-62 

+0-60 

.. 


10-188 

+0-10 

-0-86 

2280 \ 
784 S 

10-196 

-0-30 

-0-26 

9-807 

+0-67 

+0-50 

9-798 


9-706 

-0-80 

-0-60 

811 \ 
2804 / 

9-806 

-1-37 

-1-20 

10-164 

+1-10 

+0-70 

•- 

•• 

0-797 

-0-10 

-0-30 

2870 \ 
868 / 

9-808 

-0-70 

-0-70 

10-178 

+0-70 

+0-86 

10-179 

■ 

10-181 

-0-10 

-0-26 


T 2 


( 14181 ) 
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Table T—eontimed. 

Astbonomical Obbbrvations and Eesdlts — oontinued. 
Boschraiid— concluded. 

Readings of Mark and Levels [in divisions of striding levels) —oontinued. 





August 












Sept 8. 

Starfl’ No. 


1 


1 



ill 

2K. 

80. 

31. 




— 

-- - - 

.. 

- 

- 

-- 

— 

. — - 


Mnrk. 

liovel. 

Mai'k. 

Lovol. 

Mark. 

Level. 

Mark. 

Lovol. 


ror. 

tUv. 

rer. 

(Uv. 

rov. 

dir. 

roT. 

dir. 

870 \ 
2485 / 

10■207 

+0-07 

-0-.52 

9-HM 

-0-27 

+0-20 

O-HOH 

-0-80 

0*00 

10-17B 

—0-.55 
-0-()0 

01!) \ 
2602 / 

10'201) 

-1-26 

-O-fiO 

9-81.8 

+0-40 

—0-05 

10-176 

-0-66 

-0-56 

9-798 

-0-.55 
—0-(»0 

2.581 \ 
97!) J 

9-810 


10-182 


10-177 

-0-06 

-1-27 

9-799 

—0-70 
—0-.50 

lOOB X 
2612 J 

9-817 

+0-02 

—0-70 

• • 

m 

9-818 

-0-40 

-0-20 

10-197 

-0-20 

—0-35 

28.50 \ 
110.5 / 

10-211 

-0-77 

-M2 

•• 

■ 

* • 

• • 

■ • 

■ • 

• ft 

ft ft 


RiisiiUivg Azimuths of Mark. 


Stars* No. 
in 

Cape 00. 


August 


Bpjit. 

28. 

80. 

31. 

8, 

2139 \ 
(181 S 

ft 

-17'20 

1 

II 

-20-04 

ft ft 

. . 

21112 \ 
721 / 

-18-66 

-17-40 

ft ft 

-17-92 

2284 \ 
784 / 

-lH-07 

-17-10 

— 17-68 

-17-66 

811 1 
2804 / 

-10-01 

-17-68 

•• 

-17-01 

2870 \ 
868 / 

-17-91 

-18-40 

-19-87 

-19-36 

870 \ 
2486 / 

-17-26 

-16-86 

-16-62 

-17-86 

919 \ 
2602 J 

-17-64 

-16-61 

-17-81 

-16-92 

2681 \ 
979 S 

-16-64 

-16-61 

-16-98 

-16-07 

1006 \ 
2612 / 

-16-68 

t • 

-17-06 

-16-67 

2660 \ 
1105 S 

-18-89 

• . 

-- 

ft ft 

Menus 

. -17-87 


-17-41 

1 

-17-48 

_1_^_ 


Generel Mean —IT"-87. ' 
Azimutb of Mark 869’ 69' 42"-68 ±0"’18. 
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Table T— continued. 


Astbonomioal OssHavATioNS AND RESULTS— oontiniied. 


Station —Orange 

•p. r Latitude 29'* 40' S. 
i^e^ Lojigitude Ih. 87m. E. 


No. 184. 


// 


InstrumentdfRev. of S.T. Mio. 

90-36. 


constants \Div. of S. Level 

1-60 

Meridian Mark to S. 2 miles. 

Reading of Coll. Centre . 

9-980. 

Dates—1905, Sept. 19, 20, 26. 

10-010. 

Reading of Centre Wu*e. 

Observer—^M. 



Eight Ascensions. 


No. of 

Stars’ No. 
in 

Oape 90. 

U orL. 

Deolinatioii. 

H. M. 


September 


Fair. 

19. 

20. 

26. 

1 / 

919 

Ti 

O 1 

81 21 

7 55 

». 

3*80 


9 . 

9 9 

^ \ 

2502 

U 

83 80 

20 4 

61*42 


• • 

» { 

2581 

u 

84 44 

20 20 

15'99 

15-81 


979 

L 

80 86 

8 29 

54-85 

54-90 

-• 


1006 

L 

86 14 

8 38 

9-46 

9-70 

11-08 

® i 

2612 

IT 

85 35 

20 55 

10-47 

10-29 

15-28 

4. f 

2650 

U 

85 13 

21 11 

66-61 

56-40 

55-61 


1105 

L 

84 15 

9 25 

42-66 

42-79 

48-52 

n / 

1188 

L 

80 81 

9 86 

87-18 

37-25 

87-69 

" \ 

2688 

TJ 

89 18 

• 21 44 

89-27 

88-87 

88-45 

» { 

1188 

L 

81 45 

10 3 

11-50 

11-67 

11-98 

2777 

U 

80 55 

22 9 

82-81 

32-26 

82-00 

7 / 

2766 

TI 

86 27 

22 18 

56-81 

56-68 

55-98 

^ \ 

1220 

L 

89 2 

10 15 

14-48 

14-81 

17-64 

* { 

1288 

L 

81 26 

10 32 

19-64 

19-70 

20-00 

2849 

U 

80 87 

22 41 

89-68 

89-64 

89-49 


T 8 


(14181) 
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Table T— conlinutd. 

Astbonomioax OBSBRVATioira AOT) RESULTS—cowimwed. 


Oraiige River— contmued. 


Ti'CbndU. 


No. of 

Slara* No. 
in 

Oape 90. 

H. M. 

September 

Pair, 

19. 

20. 

26. 

* { 

919 

2502 

19 65 

20 4 

E. 

B. 

0-81 

61-06 

W. 

I. 

4-63 

48-60 


B. 

• • 

• • 

^ { 


20 20 

20 29 


18-51 

52-94 

E. 

16-87 

52-77 


• • 

• ■ 

• { 

1006 

2612 

20 88 

20 65 

W. 

9-07 

14-41 

E. 

7-90 

17-47 

E. 

16-02 

21-79 

* { 

2660 

1105 

21 11 

21 25 

E. 

67-45 

89-25 

W. 

68-21 

48-90 

W. 

60-01 

49-36 

' { 

1188 

2688 

21 86 

21 44 

E. 

34-40 

64-67 

W. 

87-70 

21-88 

W. 

43-26 

27-98 

»{ 

1188 

2777 

22 8 

22 9 

W. 


E. 

10-39 

32-88 

E. 

16-41 

88-69 

' { 

2786 

1220 

22 13 

22 15 

W. 

64-56 

15-94 

E. 

67-01 

14-08 

E. 

68-99 

12-77 

»{ 

1288 

2849 

22 82 

22 41 

E. 

lG-88 

40-42 


20-72 

88-28 

W. 

25-56 

44-91 


Readings of Mwrk and Lewis {in divisions of striding level). 


Stars’ No. 
in 

Oape 90. 

Septei 

inber 19. 

September 20. 

September 26. 

Mark. 



Level 

Mark. 

Level 

919 \ 

2602 / 

rey. 

diy. 

w. 

diy. 

m. 

diy. 

10-267 

-0-62 

-0-80 

9-760 

+1-67 

+2-27 

« • 

• • 

• • 

• 2681 'I 
979 / 

9-761 

-1-10 

-0-86 

10-244 

-0-66 

+0-16 

• • 

• • 


9-764 

-0-76 

-0-77 

10-245 

-0-60 

-0-62 

10-286 

-1-76 

—2-60 

2660 \ 
1106 J 

10-262 

-2-62 

-2-97 

9-762 

+1-95 

+1-80 

9-762 

0-00 

0-00 

1188 \ 
2688 / 

10-261 

-2-76 

-2-86 

9-750 

+2-10 

+2-82 

9-766 

-0-80 

+1-00 

1188 \ 
2777 / 

9-764 

-0-66 

-0-40 

10-247 

-0-46 

-0-07 

10-247 

-1-66 
- -1-60 

2786 \ 

1220 / 

9-764 

-0-86 

•fO-10 

10-246 

+0-16 

+0-32 

10-246 

-1-60 

—1-16 

1288 \ 
2849 / 

10-261 

-8-20 

-8-82 

9-748 

+1-90 

+2-17 

9-740 
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Table 

Abtbonomioal Obsbevations and Ebbults— continued : 
Orange River — concluded . 


Result^ Azimuths of Ma/rh. 


Stars’ No. 
in 

Oape 90. 

Septomber 

19. 

20. 

26. 


tt 

tt 

n 

919 \ 

2602 / 

-24*00 

-22*99 

• • 

3581 \ 

979 / 

-22*41 

-22*29 

• • 

1006 \ 
2612 J 

-22*82 

-22*94 

-28*10 

2660 \ 
1106 / 

-24*06 

-22*68 

-22*01 

1188 \ 
2688 / 

-28*46 

-22*29 

-21*96 

1188 \ 
2777 / 

-22*66 

-22*27 

-20*49 

2786 \ 

1220 / 

-21*59 

-28*86 

-22*67 

1288 \ 
2849 / 

-28*00 

-22*69 

-21*86 

Means .. 

-28*01 

-22*72 

-21*91 


General Mean —23" * 60. 

Azimuth of Mark 869* 69' 87" *40 d:0'18. 


T 4 


(14181) 












Table T— oonUmed^ 


AsTBONomcAii Obsebvatioks and Eesults— continued. 
Station-North End Wopener Bmo E. 


No. 122. 

Meridian Mark to S. 

Dates—1905, March 6, 7, 8, 10, 11. 

S. Stone’s Catalogue, 1880. 

I 

Observer—S. 


Eev. of S.T. Mic 90IC 


Div. of S. Level 1‘20 


TMarch 6...5*164 
I 7...5*152 

Eeading of Coll. Centre„ 8...5*159 

„ 10...5*155 

I „ 11...5*156 


Right Ascensions. 


No. of 
Fair. 



DeclinatioiiJ H. M. 



3 8591 



3 4289 


3 10999 

8 4661 
3 4668 


2 





7 

49 

20 

4 

8 

14 

20 

17 

20 

22 

8 

SO 

20 

85 

8 

88 

8 

41 

20 

67 

9 

10 

21 

11 

9 

27 

9 

86 

21 

1 

41 
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Table T—controucd. 

Astronomioal Observations and EpBsui/ts— continued . 
North End Wepener Base— continued . 

Trcmsits. 
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Table T— aoniinued. 

Astbonomioal Obsbrtations akd Bbsults — ccfrvtinued. 
North End Wepener Base —cowfo'nwcd. 

Beadiiufs of Manrh and Level {in seconds of arc). 


March 


Stared No. 
in 

6. 


7 

• 


8. 

10. 

11. 

Gape 90. 











Mark. 

Level. 

Mark. 

Level 

Mark. 

Level 

Mark. 

Level 

Mark. 

Level. 

2192\ 

721/ 


ft 

-8-60 

-4-68 

rev. 

4-44G 

II 

-6*82 

-7*28 

rev. 

6*888 

II 

+0*66 

-0*26 

rev. 

4*426 

// 

+0*76 

+1*00 

rev. 

6*848 

It 

+0*14 

-0*40 

S9947\ 
S 8016/ 

6’816 

-2*67 

-8*66 

4*426 

-7*66 

-7*26 

6*841 

-0*92 

-1*88 

4*426 

+1*48 

+2*00 

6*866 

-1*08 

-1*88 

S10171'! 
784/ 

6*818 

+1*82 

+1*88 

4*420 

-7*66 

-8*86 

6*841 

-1*98 

-2*84 

4*486 

+2*06 

+1*88 

6*868 

-2*87 

-2*46 

S 8401'! 
2804/ 

6*806 

+1*79 

+1*88 

• ■ 

9 ft 

• • 

•• 

• ' 

4*439 

+1*75 

+1*80 

6*841 

-2*28 

-1*80 

a 8449'! 
S 2804/ 

•• 

« • 

4-426 

-9*92 

-9*98 

6*887 

-2*61 

-2*79 

•• 

, , 

ft ft 

ft ft 

ft ft 

2804\ 
S 8691/ 

•• 

• • 

4*429 

-9*93 

-9*96 

•• 

• ■ 

« • 

4*446 

+2*22 

+8*00 

6*886 

-1*67 

-1*80 

2804\ 

868/ 

6*794 

+0*98 

+0*44 

• • 

« • 

■ 9 

(а) 6*882 

(б) 6*828 

-2*82(«) 

-2*42(6) 

-2*67(0) 

-2*67(6) 

4*468 

+8*46 

+8*46 

6*884 

-1*74 

-1*86 

2486\' 

926/ 

4*448 

+6*18 

+6*81 

6*8i6 

-2*76 

-2*86 

•• 

• • 

• • 

6*842 

-1*62 

-2*71 

4*406 

+0*40 

+0*68 

926 \ 
2602/ 

4*460 

+6*69 

+6*26 

6*818 

-8*21 

-8*84 

4*461 

-0*81 

+0*66 

6*886 

-8*68 

-4*86 

4*500 

+1*06 

+1*60 

S 4289 \ 
8 10882/ 

4*467 

-0*68 

-0*98 

•• 

• • 

• 9 

. . 

• • 

• • 

6*823 

-4*68 

-4*12 

4*608 

+1*96 

+2*40 

S 4289 \ 
2686/ 

• « 

• ■ 

» m 

1 • 

•• 

4*464 

+1*29 

+1*11 

ft 9 

• 9 

ft ft 

« a 

a a 

2686 \ 
979/ 

4*477 

-1*36 

-1*60 

6*818 

-4*02 

-3*96 

• « 

• • 

9 9 

9 9 

9 9 

9 9 

ft m 

a e 

a e 

979\ 
8 10999/ 

• ■ 

* • 

■ • 


• • 

9 • 

4*468 

+0*81 

+0*41 

W 9 

ft ft 

ft ft 

4*602 

+2*64 

+2*66 

8 4661\ 
2619/ 

• • 

• • 

J • 

6*816 

-4*02 

-4*19 


9 9 

9 9 

9 9 

9 9 

9 9 

ft ft 

ft ft 

ft ft 

8 4668'! 
2619/ 

■ 4*488 

-2*42 

-8*18 

• • 

• • 

• • 

a a 

9 9 

9 m 

9 9 

1 ft 

ft ft 

ft ft 

ft ft 

ft ft 

8 4668'! 
2660/ 

* 9 • 

• • 

9 9 

. • 

• * 

4*466 

+0*16 

+0*08 

9 • 

ft ft 

4*498 

+2*67 

+1*60 

10641 

2660 j 

9 9 


6*819 

-8*86 

-4*14 

a • 

m 9 

9 9 

• • 

ft ft 

ft ft 

ft ft 

ft ft 

ft ft 

1064'\ 
2688j 

> .. 

• • 

■ • 

« • 

• • 

• ■ 

4*461 

+0*26 

+0*87 

6*808 


ft ft 

ft ft 

ft ft 

11071 
2688 J 

\ ’• 

9 9 

• • 

. . 

• 9 

9 9 

a a 

• • 

• 9 

6*806 

-1*44 

-1*29 

4*606 

+2*22 

+1*77 

11881 
2688 J 

•• 

• • 

• • 

9 9 

9 9 

4*466 

-0*14 

+0*74 

6*820 

-1*29 

-0*90 

ft ft 

a a 

a a 
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Table T— aontimted. 

Astronomical Observations amd Ebsults — oontinued. 
North Ead Wepener Base— concluded. 
Resulting Azimuths of Moerh. 



March 

oiftrs JNO- lu 
Oape 90. 

6. 

7. 

8. 

10. 

11. 

2192 \ 
721 J 

-6§’09 

-6(j-82 

-6<(-00 

-68-67 

-61-06 

S 9974 \ 
S 8016 / 

-64-07 

-61-86 

-64-28 

-62-00 

-62-98 

S 10171 \ 
784 / 

-66-42 

-62-79 

—64-77 

-62-64 

-64-22 

S 8401 \ 
2804 / 

-67-20 


a a 

-68-86 

-61-91 

3 8449 \ 
2804 J 

• • 

-62-68 

-64-12 

• • 

a a 

2804 \ 
3 8591 / 

a a 

-68-27 

i • 

-62-68 

-61-89 

2804 \ 
868 / 

-64-89 

• • 

. r-68-97\ 
\-68-82/ 

-61-67 

-62-40 

2486 \ 
926 ; 

-62-81 

-68-78 

•• 

-62-77 

-61-71 

926 \ 
2602 / 

-68-80 

-68-42 

-61-16 

-62-69 

-61-69 

3 4289 \ 
3 10882 / 

-68-29 

•• 

• a 

-61-99 

-61-62 

3 4289 \ 
2686 / 

• a 

• a 

-60-90 

a a 

a a 

2686 \ 
979 / 

-62-67 

-64-82 

a a 

a a 

• • 

979 \ 
310999 / 

• • 

* * 

-68-1^ 

a a 

-68-88 

3 4661 \ 
2619 / 

• a 

-64-96 

• • 

a a 

a a 

3 4668 \ 
2619 / 

-68-87 

• « 

m 9 

a a 

a a 

3 4668 'I 
2660 S 

a • 

•• 

-61-94 

a a 

-68-94 

1064 'I 
2660 J 

* a a 

-68-82 

a a 

a a 

• • 

1064 “I 
2688 J 

* a a 

• « 

-61-69 

-62-16 

■ • 

1107 'I 

2688 j 

ea 

• • 

• ■ 

-68-00 

-64-19 

1188 '1 
2688 J 


• • 

-62-14 

-68-76 

a a 

Means 

-68-86 

-68-11 

1 

-62-99 

-62-48 

-62-66 


General Mean — 62" *97. 
Azimnth of Mark 58’ 57"’08 ± 0-16. 
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Table T—continued. 

Asthonomioai, Obsbevations and Ebsults— oMitinued . 


Station —Owecweni. 


No. 9. 

Meridian Mark to S. 

Dates—1906.—May 21, 22. 
Observer—S. 


Latitude 31" 52' 8. 
Longitude Ih. 52in. B.' 


Eev. of S.T. Mio. 90"*12. 
Div. of 8. Level 1"’20. 

Beading of Coll. Centre 
Right Asoensions. 


May 21... 6*150 
May 22... 5*167 
























801 


+1*90 

+1*46 



+0*07 

+0*07 

+1*26 

+ 1*01 

+0*62 

+0*48 

-0*09 

-0*62 

-0*82 

-0*69 

—0*84 

-0*18 

+1*02 

+0*90 


—0*46 

-0*60 

+0*18 

+0*92 

+0*83 

+1*80 

+1*65 

+1*86 

+0*41 

+0*41 
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Table T— concluded. 

Astronomioal OBSBRVATroNS AND EesdIiTS — concluded. 
Cwecweni— concluded. 

Resulting Azimuths of Mark. 



Arimuth of Mark 0’ 0' 22"*20 ±0"’16, 







Table 


803 


P 

















HesuIiTS op Latetudb Observations— continued . 


804 



I In Calninn P indioateB Stationa for 'whioh deflnito pl&oes for the adnn hare been obtained. 
p.e. of a single deoiliziation of above ± 0"*4P. p.e. Tj^af^de ± (/'•lH, 
p.e. of a single ded in ati o n of remnnder ± 0"'62. p.e. Latitade ± 0*10. 

Meazis of p.e. S.P. d: O^^'SS. 
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Tabic XS—oontinmd. 

Bjbsults of LATiTtJDB Obshktationh — oont/m'ued. 

Station —^Lejuina. No. 248. 

Latitude 23“ 1' S. Longitude 29“ 26' E. Observer—S. Date—1906, Aug. 14. 


No. of 
Pair. 

Stars. 

Mean 

B. A. 

Meau 

Deolination. 

Slim ot 

OoiTBOtions. 

Latitude. 

Naof 

Nighta 

other Oatalogne 
Nnmbers. 


S 9002 
B4812 

h. m. 1. 

16 80 24 
81 66 

e / II 

86 48 18*98 ' 
10 22 80*07 

1 -1 86*48 

28*1' 

II 

18*07 

1 

N1068 


S9048 

B4887 

84 67 
86 18 

46 10 62*88 ' 
0 48 69*40 

1 +1 21*47 

17*86 

■ 

0 1989 A 6026 


S9100 

R4878 

40 46 
48 60 

41 88 12*16 ' 
4 20 46*94 

1 +1 48*27 

17*82 

■ 

0 2002 


89129 

B4888 

44 66 
47 28 

41 4 8*84 

4 69 26*94 

1 -0 26*81 

18*88 

H 

0 2016 © 

m 

B9184 

B4406 

48 49 
62 40 

48 9 40*62 

2 62 7*82 

J. +0 28*98 

17*96 

1 

A 6109 


S 9282 
B4486 

68 10 
16 69 8 

26 38 44*60 
20 21 40*68 

j. +3 88*66 

16*09 

1 

GG0 2880 

000 2884 


S9811 

B4469 

17 1 88 

8 46 

40 68 64*71 

6 4 10*81 

j. +2 16*84 

18*10 

1 



8 9868 
B4491 

8 19 
10 68 

26 62 16*94 
19 18 62*14 

j. -1 46*92 

18*12 

0 



B4608 

8 9460 

18 26 
16 16 

10 7 6*04 
86 49 14*94 

j. +8 9*20 

19*69 1 

H 


10 { 

8 9617 

8 9626 

21 48 
28 89 

-4 18 21*40 
60 17 16*18 

y -0 89*48 

17*91 

1 

0 2117 N nil 

A 6812 


B4660 

8 9660 

26 80 
27 18 

0 69 1*82 
44 66 19*88 

+3 36*86 

16*96 

1 

A 6829 

1»{ 

8 9670 
R4674 

28 80 
29 46 

82 80 68*62 
18 84 26*04 

-1 28*11 

18*72 

1 


18 { 

8 9689 
B4689 

80 66 
82 41 

86 0 26*88 
8 8 41*04 

j- —0 44*72 

18*49 

1 

0 2187 
© 

14 { 

8 9689 
B4628 

86 84 
17 89 68 

46 66 81*84 
0 6 89*84 

j- +0 48*42 

19*01 

1 

A 6884 


Mean 28* 1' 17"’97 ± 0"*19. 


Station —^Blaauwblerg. No. 247. 

Latitude 28“ 4' S. Longitude 28“ 59' E. Observer—S. Date—1905, Aug. 4. 


No. of 
Fair. 

Stars. 

Mean 

B.A. 

Mean 

Bedinatioiia 

Sum of 
OorreolaoDS. 

Latitude. 

Na of 
Nights. 

Other Oatalogue 
Numbers 


R4026 

8 8611 

h. m. a. 
16 81 84 
84 22 

• 1 II 

16 11 66*98 
80 64 16*67 

J. +0 62*88 

28® 8' 

II 

69*08 

1 

OOO 2120 

01846 


B4064 

8 8681 

89 86 
16 42 64 

-6 48 27*06 
62 66 6*46 

j. -1 48*81 

60*89 

1 

N997 


(1418J) U 
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Table XT—aonfetiutdl 

Rbsulto of Latitudb Obsbbvationb— continued . 


Blaauwberg— conUnned. 


Naof 

Pair. 

Stars. 

Meau 

B.A. 

MefUl 

Deoliuatiou. 

Sam of 
Oorrectious. 

Latitude. 

No. of 
Nights. 

Othui- Catalogue 
Numbera 



1 

h. m. B. 

0 r II 

1 It 




*{ 

B4079 

S8681 

S8628 

16 44 28 

47 54 

48 57 

21 12 1-40 
26 2 86-77 
24 67 44-98 

1 -3 19-.52 
r -0 58-38 


H 

0(1U2156 

OGO 2164 

'{ 

B4115 

S8668 

50 59 

51 48 

1 58 7-00 
44 16 5-45 

1 -0 6-50 

69-73 

1 

A 5771 

»{ 

S 8684: 
B4185 

58 50 
55 40 

38 7 80-82 

8 8 84-IG 

} -4 8-60 

58-89 

■ 

0 18!)9 (<^ 

■ 


15 58 50 
IG 0 21 

1 1 

9 89 27-84 
8G 82 88-.54 
8C 29 61-.57 

1 -2 3-48 
f -0 41-19 

59-71 

58-51 

1 

a 1911 


B4167 

S8776 

1 4G 

3 29 

18 48 56-40 
82 28 47-84 

1 -2 22-87 

59-25 

1 

(MW 2198 

U 1916 

io{ 

S8809 

8 8885 

6 28 

9 80 

19 12 51-22 
26 57 58-44 

-1 27-10 

r)7-78 

1 

U 1930 (It lU 2211 
(KKl 2222 

"{ 

B4221 

S8860 

11 55 

12 41 

3 48 6-33 
42 2C 27-47 

-0 47-85 

DO-Ofi 

1 

U 1941 A 6888 

12{ 

B4242 

S8921 

17 2(> 

18 41 

16 47 44-86 
29 2b 57-70 

j. -4 20-99 

60-29 

1 

(IU(J 2285 

U 1956 

18{ 

S8959 

B4289 

24 26 
26 80 

24 54 22-40 
21 15 48-44 

j- -1 5-80 

59-62 

1 

0(1(1 22.52 

000 2259 

“{ 

S9002 

B4812 

80 24 

81 65 

85 48 18-98 
10 22 80-07 

} +1 5-64 

60-14 

D 

N 1063 

U{ 

B4828 

S9048 

88 89 
84 67 

1 2 81-01 
46 10 52-88 

j- -2 41-99 

.59-71 

■ 

0 1989 A 6025 

16{ 

S 9060 

S 9089 

86 5 
16 89 86 

17 88 81-18 
28 89 55-01 

j- -2 43-16 

69-94 

■ 

0 1992 0 0 0 2279 


Mean. 28' 8' 59'''47 ±0"-18. 


Station —Loskop IL No. 248. 


Na of 
Pair. 

Stars. 

Mean 

B.A 

Mean 

Dedination. 

Som of 
Oorreotions. 

Latitude. 

No. of 
Nights. 

Other Oatalogue 
Nuiubom. 

■ 


i 

1 



• 

/ 

If 

t 

It 

28" 20' 

It 

Ill 


B 


fpni 




10 

86 

64 

1 

52-87 

88-91 

} +0 

51-79 

7-48 

H 

000 2479 

S 9907 0 0 0 2400 

2 / 



18 

1 

59 

28 

6 

67-48 

}+4 

0-89 






4748 


5 

56 

28 

48 

16-25 

7-78 

D 


8 / 

s 

9988 


9 

0 

48 

11 

50-66 

} -f8 

48*68 





B 

4778 


10 

68 

8 

88 

57-86 

7-94 

D 


4 / 

B 

4792 


14 

40 

15 

52 

15-86 

} +» 

29-49 




^ \ 

S 

9994 

18 

15 

8 

80 

58 

59-48 

6-91 

1 

U 224 

























Table TT— eoiOiiaud. 

RbsuiiTB op Latepudb Obsbibvations— oontimmd. 
Loskop H— oontimied. 


No. of 
Pair. 

Stars. 

Meau 

B.A. 

Mean 

Deoliuation. 

iduia of 
OorreclaoiiB. 

Latitude. 

Naof 

Nights. 

Other Oataloguo 
Numbers. 



h. ui. a. 

0 

/ rt 

1 If 

28” 29* 

ft 




11 4802 
S 10080 

18 1C 48 
19 44 

16 

81 


j. +0 53-71 

7-89 

1 


.«{ 

S 10088 
B 4882 

21 26 
22 4 

81 

16 

86 16-48 

26 68-79 

y -1 28-19 

1 

6*92 

1 


’{ 

S 10076 
B 4869 

24 48 
27 8 

46 

1 

68 46-76 

4 16-02 

-2 28-44 

7-46 

1 

A 6661 

*{ 

8 lOlOG 
11 4878 

28 9 
81 19 


67 16-79 

1 26-61 

-0 14-61 

6-19 

1 

000 2688 

»{ 

810146 

8 10161 

82 44 
88 16 

28 

28 


+8 88-90 

6-64 

1 

OGU 2661 

10 { 

8 10180 
B 4918 

87 16 

88 28 

88 

8 


J +2 47-71 

5-68 

1 

© 


B 4942 

8 10224 

41 84 

42 26 

1 

45 

8 44-12 
66 3-17 

} -0 14-90 

8-66 

1 

0 2299 

A 6761 


8 10268 
B 4978 

46 86 

47 41 

41 

6 

1 41-18 
67 61-64 

jo -0 89-86 

6-62 

1 


l.{ 

8 10286 
B 4996 

49 26 
61 18 

29 

17 

19 67-81 
84 8-64 

j- +2 0-87 

7-09 

1 


“{ 

8 10818 
B 5026 

62 82 
18 67 19 


6 82-86 
61 29-92 

j« +0 86-16 

7-66 

1 



Mean. 28” 29' 7"-U±0"-14. 


Station —^North End Houts Biver Base. No. 246, 
Latitude 23“ 34' S. Longitude 29“ 20' E. Obseryer—S. 
Dates—1905, Sept. 11, 13. 


No. of 
Fair. 

Stars. 

Mean 

B.A. 

Maah 

Decimation. 

Sniu of 
OorreotioiuL 

Latitude. 

Na of 
Nights. 

Other Oatalogue 
Numhers. 



h. in. a. 

o / ft 

'1 ' " 

1 +3 17-57 

28” 84' 




B 4861 

S 10128 

18 27 80 
81 8 

18 26 17-26 
28 86 12-81 

2-60 

2 

OaO 2647 


B 4888 

S 10101 

82 48 
84 27 

4 68 20-68 
42 16 14-54 

j. -0 18-48 

4-10 

2 

A 6717 

'{ 

B 4928 

S 10218 

89 84 
41 6 

6 87 66-62 
40 80 27-22 

j. -0 8-99 

8-98 

2 

A 6764 


S 10266 
B 4976 

46 81 
48 12 

27 16 27-64 
19 64 60-12 

j. --1 84-80 

4-08 

2 


»{ 

B 6011 
S 10846 

68 51 
66 28 

4 61 19-78 
42 13 47-86 

j. +1 29-49 

8-31 

2 

© 


S 10857 
B 6042 

18 68 19 

19 0 16 

81 11 11-24 
15 48 14-06 

j. +4 21-48 

4-08 

2 


’{ 

S 10884 
S10404 

1 18 
19 8 16 

5 1 81-20 
42 2 87-27 

j. +1 68-27 

2-51 

2 

0 2844 N 1227 

0 2847 A 6876 


U 2 


(14181) 
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Table TJ-^nihued. 

Ebsulis of LA.TITDDD Obsbbvatiok’S — oorUinued. 
North End Houta Eiver Base— oontmued. 


No. of 
Pair. 

Stars. 

Mean 

Mean 

Deolinatiou* 

Sum of 
Oori'eotions. 

Latitude. 

No. of 
Nighta 

Other Uatologoe 
Numbers. 


S 10464 
B 6102 

h. m. I, 

19 10 21 
11 86 

0 t II 

26 49 64-75 
21 14 26-64 

1 '/ 

} +1 32-86 

23’ 34' 

II 

2-65 

2 

0 2361 


S 10466 
B 6129 

18 28 
16 86 

86 86 89-88 
11 28 41-07 

1 +1 62-84 

3-32 

2 


10 { 

S 10608 
B 6162 

18 46 
20 42 

60 1 88-62 
-2 65 80-81 

} +1 0-76 

2-86 

2 

K 10622 


S 10644 
B 6194 

26 28 
26 19 

44 44 62-46 

2 18 86-66 

^ +2 20-00 

4-06 

2 

A 7002 

12 { 

S 10581 
B 6282 

SO 29 
19 82 27 

82 54 2-91 
14 10 10-36 

} +1 66-73 

8-87 




Mean 28" 84'8" •86±0"-18. 


Station —Sohnellfl Kop. No. 241. 

Latitude 23° 48' B. Longitude 29° 57' E. Observer—S. 

Date—1905, October 13. 


No. of 
Fair. 

Stars. 

Mean 

B.A. 

Mean 

DeclinatioiL 

Sam 

OorreotionB. 

Latitude. 

No. of 
Nights. 

Utlier (Jatalogae 
Numbers. 

*{ 

3 11284 

B 6747 

lb m. a. 

21 11 48 
IS 68 

0 f II 

81 8 88-97 • 
16 84 48-71 

1 tt 

1 -8 66-17 

28* 47' 

If 

42-67 

1 

OGC 2968 


B 6767 

3 11887 

17 87 

18 22 

6 2 16-74 ' 
41 24 60-86 

1 +4 12-16 

46-96 

B 

A 7646 

»{ 

S 11866 

B 6795 

20 27 
28 48 

88 14 21-46 

9 24 14-92 

J ~1 88-86 

44-31 

B 


B 

B 6808 

3 11891 

26 8 
27 6 

22 26 48-14 
26 0 87-08 

J. +4 86-68 

46-71 

B 


5{l 

3 11417 

8 11488 

81 46 
, 88 86 

19 68 80-42 
27 44 0-18 

j _1 0-12 

46-18 

B 

OGU 2096 

0 2708 

*{ 

B 6847 

3 11479 

86 28 
40 46 

14 28 17-60 
88 9 0-64 

j. -0 67-88 

44-24 

H 

OGO 3007 

’{ 

B 6880 
3 11614 

44 8 
46 29 

5 60 89-12 
41 61 27-86 

-8 18-86 

44-88 

1 

A 7805 


B 6896 
3 11629 

47 66 

48 87 

11 0 28-34 
86 80 82-08 

j. +2 18-98 

44-10 

■ 


»{ 

B 6901 
3 11564 

49 89 
58 56 

8 44 56-44 
48 56 64-22 

j. -2 41-14 

44-19 

■ 

A 7848 

101 

' B 6928 
3 11610 

21 67 14 

22 1 26 

17 26 19-69 
80 4 49-88 

+2 41-04 

46-.66 

1 



' 3 11688 
B 6967 

4 84 
22 7 18 

88 0 66-20 
14 89 42-70 

ji -2 88-20 

46-75 

■ 

OGO 8078 
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Table U—aontihuad. 

Rbbxjlto op LATTruDB Obshbvationb — contmned. 
Sohnells Kop—con«tTO«ed. 


No. of 
Fair. 

Stars. 

Mean 

K.A. 

1 

Mean 

Declination. 1 

1 

Sum of 
Ooirectione. 

Latitude. 

No. of 
Nights. 

Other Oatalogue 
Numbers. 



h. m. R. 

0 1 n 

1 If 

28" 47' 

II 




S 11666 
B 6991 

22 8 49 
12 9 

<11 49 54-21 

6 51 41-86 

-8 4-17 

48-86 

1 

A 7980 


B 6994 

S 11717 

m 

21 12 62-66 
26 19 9-06 

j. +1 42-82 

48-68 

. 1 

OGKI 8108 


S 11724 
B 6021 

19 12 
22 21 10 

41 51 58-82 

5 89 80-20 

^ +1 65-09 

48-86 

1 

000 8114 


Mean 28* 47' 44" • 67 ± 0" • 17. 

Station —South End Houts Bdver Base. No. 245. 

Latitude 23'’ 51' S. Longitude 29® 14' E. Observer—S. 

Date^—1905, June 2&. 


No. of 
Pair. 1 

Stars* 

Mean 

B..4. 

Mean 

Decimation. 

Sum of 
Oorrections. 

Latitude. 

No. of 
Nights. 

other Oatalogue 
Nnmbets. 



h. in. I* 

0 f It 


28" 51' 

II 




S 7424 
B8624 

18 27 88 
80 21 

26 6 56-47 
21 82 14-66 

j- +2 22-97 

27-98 

1 


K 

H 7484 

S 7506 

84 14 
86 38 

.39 84 3-90 

8 13 26-60 

-2 17-70 

27-06 

1 

0 1672 © 

N869 0 00 1866 

»{ 

B 8566 

S 7542 

40 52 

41 24 

11 ,67 2-68 
85 46 34-40 

-0 21-47 

27-02 

1 

000 1866 


S 7666 
B8692 

48 28 
46 81 

86 18 29-18 
12 .32 41-68 

-1 89-06 

26-48 

0 



S 7602 
B8604 

48 2 

49 60 

46 89 85-22 

1 2 8-77 

+0 36-70 

27-70 


A 6019 

«{ 

S 7682 
B8640 

65 14 
18 58 86 

25 48 1-86 
21 67 64-74 

-1 82-70 

25-86 



'{ 

S 7740 
B86C9 

14 4 10 

6 4 

46 27 60-02 

2 13 87-22 

^ +0 44-77 

28-89 


A 6107 

K 

S 7778 

B 8689 

9 10 
10 42 

40 27 24-96 

7 13 22-84 

+1 4-29 

27-94 

■ 

A 6140 

»{ 

S 7814 
B8726 

14 0 
18 20 

86 26 12-52 
11 16 49-28 

+0 27-26 

28-12 

1 

000 1966 

io{ 

S 7867 
B8740 

20 IG 
22 25 

41 58 16-28 

6 41 81-09 

+4 8-67 

27-26 

■ 

01671 

© 


B 8758 

S 7922 

25 2 
27 46 

14 49 40-14 
82 58 60-61 

-0 16-01 

29-86 

■ 

000 1968 

12{ 

a 7959 
B8804 

82 24 
88 20 

88 22 68-81 

9 17 41-92 

} +1 9-66 

27-27 

■ 

01694 

000 1996 

l.{ 

S 8042 
B8831 

41 46 
44 21 

39 31 40-70 

8 6 80*87 

} +2 21-78 

27-67 

■ 


14{ 

BS839 

S 8098 

46 16 
14 46 64 

17 28 48-06 
SO 11 8-28 

+4 2-21 

27-88 

■ 

000 2011 


Mean 28" 61' 27''*46±0''‘19. 


(14181) U 3 
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Table U—conte'ntMdL 

RuflULTB OP LA.T TTTTPE Obbebyations— contimied. 

Station —^North End Bel^t Base. No. 7B. 

Latitude 25® 30' 8. Longitude 80® 4' E. Observer—^M. 

Dates—1904, March 28, 29. 


No. of 
Pair. 

Slars. 

Mean 

B.A. 

Mean 

Decimation. 

Sam of 
OoirectioBM. 

Latitude. 

J^aof 

Nights. 

Other Oatalogtie 
Numbers. 

>{ 

B2049 

S 4180 

li. m. a. 

7 67 48 

8 8 86 

0 f II 

6 4 10-61 
44 69 18-88 

1 n 

j. -1 42-84 

25* 80' 

ft 

1-86 

2 

© 

© 0 928 


S 4268 
B2164 

14 68 
21 28 

86 21 41-77 
14 87 1-69 

+0 40-19 

1-87 

1 


»{ 


38 46 
41 40 

26 66 7-87 
26 2 17-36 

j. +1 19-27 

1-88 

2 

® 8 4612 


S 4697 
B2880 

47 18 

8 68 66 

46 10 12-08 

4 47 28-78 

} +1 10-67 

1-10 

2 

§ 

K 

8 4916 
B2402 

9 10 14 
16 64 

48 41 47-27 

2 28 8-66 

-2 24-60 

0-91 

2 

® 

«{ 

8 6026 
B2468 

20 1 
29 42 

47 62 29-76 

8 3 40-82 

j- +1 66-80 

1-09 

1 

® 

® 

'{ 

8 6194 
B2609 

88 2 
41 87 

81 44 48-87 
19 17 6-68 

} -0 66-74 

0-98 

2 


'{ 

8 6884 
B2660 

47 1 

9 60 48 

46 29 7-49 

4 81 14-16 

J -0 8-98 

1-84 

2 

® 


Mean 26" 80' l"-44dL0"-ll. 


Station —Mark’s Kop. No. 76. 

Latitude 25° 85' 8. Longitude SO® 11' E. Observer—M. 

Dates—1904, March 21, 22, 25. 


No. of 
Pair. 

Stars. 

Mean R.A. 

Mean 

Deolinatioii. 

Sum of 
OoJTOOtions. 

Latitude. 

Naof 

Nights. 

Other Outalngne 
Numbers. 



h. m. a. 



26" 84' 





0 / If 

f ft 

ft 




8 4110 
B2094 

8 2 2 

8 80 

60 18 68-66 

0 62 88-07 

-1 12-48 

86-87 

2 

® 


8 4888 

8 4487 

20 62 
28 8 

8 86 84-68 
47 82 81-24 

j. +0 82-60 

86-49 


N686 

© 


B2267 

48 20 

6 12 16*88 

O 

1 

86-66 

2 

® 

8 4687 

46 28 

44 67 1-80 

® 

4 / 

8 4784 

60 86 

47 9 19-02 

} -2 26-99 

86-46 

2 



B2820 

8 56 44 

4 4 47-87 


6 / 

8 4981 

9 15 49 

88 41 49-86 

j- -2 17-81 

86-46 




B2421 

21 28 


2 


«{ 

B2447 

25 62 

8 88 86-62 

j. -0 86-69 

84-57 



8 5186 

27 61 

47 81 44-82 

2 


;•{ 

. .B 2648 

60 24 

16 44 24-44 

j- -0 88-77 

81-91 



8 6410 

9 64 46 

86 25 62-92 

2 



Mean 26" 84' 86"-47 ± O''-16. 
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Table XT—oon(tnu«i. 

BBSTTiiXs OB’ Latitude Obbervationb — continued. 
Station —^Langekloof No. 75. 

Latitude 25“ 37' S. Longitude 29“ 59' E, Observer M. 
Dates—1904, March 31, April 1. 


Naof 

Pair. 

Stturs. 

Mean ILA. 

Mean 

Declination. 

Rum of 
Oorrectiojis. 

Latitude. 

No. of 
Nights. 

Other Gatalogae 
Nnmbera. 


S4888 

S4406 

h. m. 5. 

8 20 62 
26 3 

« 1 >1 

8 85 34-69 
47 36 29-!)7 

1- 

/ ti 

j- +1 0-10 

26® 87' 

If 

2-18 

2 

N686 
@0 960 

*{ 

R 2215 
S464R 

88 87 
87 19 

(S 19 82-84 
44 50 57-74 

+1 46-28 

1-62 

2 



S4670 

R2267 

88 41 
48 21 

46 8 .59-78 

6 12 1(5-88 

^ -1 4-86 

8-18 

2 



S4784 

R2820 

50 87 

8 56 4-1 

47 9 19-02 

4 4 47-87 

^ -0 1-87 

1-67 

2 

® 


B2871 

S4940 

9 9 80 
11 54 

14 17 60-81 
87 0 46-88 

^ -2 16-75 

1-84 

2 

§ 

«{ 

8 6018 

8 6059 

18 54 
28 2 

45 88 15-46 

6 89 6-28 

y -1 88-81 

2-06 

2 

§01094 B, 2481 


S 6867 
B2679 

50 21 

9 67 66 

60 41 86-88 

0 86 7-44 

-1 49-80 

1-.88 

2 

@ 

® 0 1172 

»{ 

S 6687 
R2669 

10 11 80 
16 18 

42 87 58-68 

8 84 29-87 

+1 47-47 

1-67 

2 

§ 

»{ 

8 6751 

8 5776 

26 10 
10 28 26 

7 8 41-73 
44 7 24-75 

^ -1 1-02 

2-22 

2 

® 

® 


Mean 26“ 37' 1"“J6 ± 0"'l2. 


Station —North End Ottoshoop Base. No. 94. 
Latitude 25“ 39' S. Longitude 25“ 56' E. Observer—^M. 

Dates—1904, June 12, 14, 19. 


No. of 
Pair. 

Stura. 

Mean B.A. 

Moan 

DecUnalaou. 

Snm of 
Ooi-rectiona. 

Latitude. 

No. of 
Nigh^ 

Odier Catalogue 
Numbers. 

■{ 

S7580 

B3343 

h. m. B. 

18 46 60 
18 60 14 

0 / If 

46 25 22-24 
•1 55 12-61 

t It 

-1 82-60 

26“ 88' 

II 

44-77 

2 

® 

® 


R 8664 
S7777 

14 8 54 

8 47 

9 .52 47-40 
41 23 17-94 

^ +0 40-83 

43-60 

3 

0 G 8616 

0 


S 7806 
K3740 

18 15 
22 22 

45 86 54-62 

5 41 14-78 

-0 20-79 

• 43-89 

3 

0 0 1666 

0 

*{ 

S 8085 

S 8058 

40 27 
42 20 

25 2 8-60 

26 14 89-88 

^ +0 20-77 

44-76 

8 

0 E 8810 

0 C 1724 

»{ 

B 3881 

B 8197 

66 36 
14 69 22 

2 46 56-86 
48 80 88-82 

} -0 1-09 

44-00 

8 

0 

0 

*{ 

B 8912 
a 8274 

15 4 19 
8 44 

20 9 10-87 
81 9 89-05 

_o 40-64 

44-82 

8 

0 

0 


B8847 

B 8991 

15 42 
23 16 

85 64 47*82 
15 22 7-78 

+0 16-29 

48-81 

8 

0 0 1796 

0 

»{ 

' S 8484 

S 8616 

31 12 
15 84 86 

27 19 2-22 

28 80 22*46 

^ —0 68-10 

44-24 

3 

00 1887 B 4024 
00 1848 B 4043 


Mean 26" 88' 44"-18 ± 0"-10. 


(14181) U 4 
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Table U— oontiniud. 

Besults oe LAxmTDB Obshbyations — contmwd. 
Station —South End Bel&fit Base. No. 77. 


Latitude 25® 40' S. Longitude SO® 4' E. Observer— 

Dates—1904, Febrnary 2, 3, 4, C, 7, 8. 



Station —Meintjes Kop. No. 264. 

Latitude 25® 44' S. Longitude 28® 13' E. Observer—G. 
Dates—1906, June 5, 6, 7. 


No. of 
Pw. 

Stara 

1- 

Mean 

B.A. 

Mean 

Deolination. 

Sum of 
Oonedaona 

Latitude. 

No. of 
Nighta 

Otlier Oatalogoo 
Nombera 


S7019 

B8826 

b. te. B. 
12 86 16 
42 48 

46 8'7 68*11 

6 47 18*94 

. ' " 
j* +1 89*08 

' 26"44' 

II 

12*60 

3 

0(30 1781 


B8842 

S7U6 

46 30 
49 68 

9 49 86*88 
41 46 61*10 

-4 1*16 

12 *.38 

8 

0(30 1748 

0 1467 

»{ 

B8866 

S7188 

61 88 
12 68 1 

0 26 83*48 
61 0 3*77 

+0 .62*9.3 

11 *.6.3 

2 

A 4681 


S7282 

B8448 

18 6 47 

9 61 

41 48 66*12 

9 62 16*86 

j* -8 64*20 

11*79 

8 

0 1490 A 4768 


S7280 

B8476 

11 41 
18 68 

81 0 81*41 
20 26 0*80 

} -l-O 67*15 

18*26 

8 

0 1510 

«{ 

S7867 

B 8604 

21 41 
26 2 

48 68 86*22 

2 88 68*44 

} +0 27*18 

18*96 

8 

A 4859 

OGO1829 

'{ 

S7484 

B 8666 

84 17 
40 64 

89 84 20*82 
11 67 20*70 

} -1 88*79 

11.97 

8 

0 1672 ® 

OGO 1866 

»{ 

S 7689 

B 8604 

46 44 
49 62 

60 27 19*72 

1 2 26*60 

} -0 41*06 

12*11 

3 

A 6010 

’{ 

B8617 

S 7698 

68 14 
18 67 2 

24 80 49*78 
26 68 88*77 

j* -0 28*48 

18*80 

8 


io{ 

8 7786 

B 8680 

14 8 24 
8 60 

61 8 80*79 
0 24 7*14 

j* +0 28*78 

12*74 

8 



■ S 7866 

B 8761 

20 8 
14 28 44 

44 57 16*69 
6 28 42*88 

]■ +1 18*08 

12*49 

8 



Mean 25" 44' 12''-68 ±10"*14. 
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Table JJ—continuei. 

Ebsui/cb 07 Laxitudb Obhbbyations— Gontinued. 

Station —Mucklenetik. No. 258. 

Latitude 25® 46' S Lougitude 28® 12' E. Observer—G. 
Dates—1906, June 9, 10, 11. 


No. of 
Pair. 

Stars. 

Mean 

R.A. 

Mean 

Declination. 

Sam of 
Corrections. 

Latitude. 

Naof 

Niglits. 

Other Catalogue 
Numbers. 


S 7019 
K8826 

h, U. B. 
12 86 16 
42 48 

« 1 II 

46 87 68*11 

6 47 18-94 

/ ft 

y +8 17-88 


8 

© 

0001781 


R8842 

8 7116 

46 80 
49 68 

9 49 86-88 
41 46 61-10 

j. _2 22-94 

60-66 

8 

0001748 

0 1467 

*{ 

B8866 

S7188 

61 88 
12 68 1 

0 26 88-48 
61 0 8-77 

j- +2 80-94 

49-64 

8 

A 4681 


8 7282 , 
R8448 

18 6 47 

9 61 

41 48 66-12 

9 62 16-86 

j- -2 16-62 

49-47 

3 

0 1490 A 476.-) 

»{ 

8 7280 

B 8476 

11 41 
18 63 

81 0 31-41 
20 26 0-80 

1+2 84-66 

50-76 

8 

0 1610 


8 7867 
B8604 

21 41 
26 2 

48 68 86-22 

2 88 68-44 

j. +2 4-41 

61-24 

8 

A 4869 

000 1829 


8 7484 
B8666 

84 17 
40 64 

89 84 20-82 
11 67 20-70 

-0 1-66 

49-21 

8 

0 1672 © 

000 1866 

»{ 

8 7689 

R 8604 

46 44 
49 62 

60 27 19-72 

1 2 26-00 

+0 60-64 

49-70 

2 

A 6010 


B8617 

8 7693 

68 14 
18 67 2 

24 30 49-78 
26 68 88-77 

1 +1 9-17 

60-96 

3 



8 7786 

R 8680 

14 8 24 
8 60 

61 8 80-79 

0 24 7-14 

} +2 1-10 


8 

© 


8 7866 
R8761 

20 8 
14 28 44 

44 67 16-69 

6 28 42-88 

j. +2 60-99 

60-46 

8 



Mean 26" 46' 60"-27 ± 0"-14. 


Station —Observatory Hill, Johannesburg. No. 96. 

Latitude 26° 11'S. Longitude 28° 5'E. Obsei'ver—^M. 
Dates—1904, April 15, 28, 29. 


No. of 
Pair. 

Stara 

Mean 

R.A. 

Mean 

Declination. 

Sum of 
Oorroctiona 

Latitude. 

No. of 
Nighta 

Other Oatalogne 
Nnmbei-a 

'{ 

S 6462 

S 6662 

li. in. B. 

10 0 27 

9 41 

» 1 II 

12 86 66-78 
89 62 12-74 

/ It 

j- -8 12-84 

26® 10' 

II 

62-89 

8 

N640 

© 


S 6629 
E2716 

16 15 
24 86 

60 14 4-21 

2 14 60-48 

j- -8 86-27 

62-06 

3 

© 

N 667 


S6776 

B 2768 

28 27 
32 18 

44 7 24-78 

8 20 26-86 

j- -8 4-14 

61-42 

8 

© 0 1229 

0 


S5986 

8 6062 

44 68 
10 62 16 

16 41 27-66 
86 37 17-70 

j. +1 29-63 

62-26 

■ 

N 690 

N 696 
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Table TJ—eontinwd. 

EjBSOT/ra OF Lattitodb Observations — continued. 
Oliservatory Hill, Johannesburg— contmtted; 


No. of 
Pair. 

Stare. 

Meau 

R.A. 

Mean 

Declination. 

Sum of 
Ooirectione. 

Latitude, 

No. of 
Nights. 

other Catalogue 
Numbera 


S6096 

S6156 

1). m. 1. 

10 56 66 

11 2 11 

0 1 >/ 

1 58 4-10 
50 26 16*62 

/ It 

j. -1 18-34 

n 

51-97 

■ 

§ 


S 6224 
R2ni7 

8 84 
11 47 

49 12 49-74 

3 7 36-95 

+0 88-82 

.51-10 


N 716 


B2982 

S6420 

25 47 
28 8 

12 81 9-80 
89 64 27-28 

y -1 66-07 

.51-66 




S6666 

S 6628 

89 64 
11 48 86 

17 49 1-15 
84 81 .54-70 

+0 24-40 

52-82 

8 

N78R 


Mean 26'10' 61''-91 db 0"-ll. 


Station —^Driekuil. No. 215. 

Latitude 26“ 45' S. Longitude 26° 2' E. Obseiver—M. 
Dates—1905, Oototer 16, 17, 20. 


No. of 
Pair. 

Stars. 

Mean 

R.A. 


Sum of 1 
Onrreotious. 

Latitude 

No. of 
Nights. 

Other Oataloguo 
Numbers. 



h. m. B. 

0 1 n 

• II 

26'45' 

It 




R 5911 

S 11601 

21 62 40 

22 0 12 

9 1 0-01 
44 26 86-97 

j- +2 10-61 

29-10 

8 

1 

000 8045 

A 7886 


R 6949 

S 11688 

2 28 

6 60 

14 67 18-88 
88 80 62-44 

+1 25-91 

2<)-07 

■ 



R 5972 

S 11688 

8 24 
11 66 

26 89 6-52 

27 51 42-44 

1 +0 4-12 

28-10 

■ 



S 11707 

S 11768 

16 24 
25 40 

22 4 27-12 
81 30 41-95 

-2 7-00 

27 

8 

0 2796 


S 11783 
R 6055 

27 51 
80 44 

85 87 87-70 
17 .57 2-74 

j’ -1 52-22 

28-00 

1 



S 11889 

S 11892 

87 6 
44 10 

29 61 27-28 
28 86 41-78 

} +1 66-79 

30-82 

8 



. S 11911 
R 6182 

46 44 
60 15 

48 4 46-28 

6 29 86-04 

-1 48-21 

27-45 

8 



S 11971 
S 11997 

65 16 
22 68 80 

26 8 6-10 
27 19 81-15 

j- +1 40-26 

28-98 

8 


»{ 

S 12012 
S 12086 

28 1 20 
4 42 

10 7 2-06 
48 22 80-71 

} +0 40-51 

26-90 

3 

A 8246 

10 { 

S 12095 
R 6287 

18 28 
14 28 

47 57 16-99 

6 88 86-42 

^ —2 28-89 

27-81 

8 

OGO 8253 

■>{ 

S 12181 
R 6266 

19 20 
28 0 

87 48 21-22 
16 49 20-06 

} -0 61-96 

28-68 

8 


10 { 

n 6286 

S 12226 

27 80 
28 88 62 

11 81 24-00 
42 0 6-48 

-0 14 76 

'.1 rtnfl ^ jr\ Aff 

29-99 

8 

1 

CGO 8291 


Meau 26“ 46' 28"'49 db0"’20. 
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Table U— ooniimud, 

Bebui/ts op LATiTirDB OBSERTATioira — contw/ued. 

Station —Gomsbokberg. No. 182. 

Latitude 27° 27'S. Longitude 29° 26'E. Observer—G. 
Dates—1904, December 30; 1905, Jaauary 6. 


No. of 
Pair. 

Btani. 

Mean 

R.A. 

Mean 

Declination. 

Sum of 
CoiTectioiis. 

Ijntitude. 

No. of 
Nif^Uts. 

Utlier Oatalogpie 
Numbera 




O / 

// 

t It 

27' 27' 

If 



■{ 

S1266 

Jt 741 


44 16 •{ 
10 37^ 

'21*87 ■ 
7-78 
^21*74 
w 7-69 

1 r+O 82-40 
r\+0 40-48 

24-17 

2 

§ 


S1870 

S 1401 

14 8 
18 12 

29 8 
26 66 

60‘61 

62-42 

1 -4 67-89 

28 *62 

1 

® 0 416 

»{ 

n 867 

S 1647 

86 6 

88 29 

22 87^ 
82 14.j 

ro2-4i ■ 
1 60-56 
r41-61 

lso-oo . 

1 r+l 1-46 

n+l 18-76 

28-76 

2 

0 461 


81696 

81698 

48 86 

8 66 64 

24 10^ 
80 46 <1 

ri9-io ■ 
1 7-86 
r88-84 

L28-08 , 

1 r_o 34-52 
n-0 28-02 

24-67 

2 

0 479 N 242 
© 


B 977 

8 1767 

4 4 11 

6 88 

8 66>| 
46 G<| 

r27-98 ■ 
1 18-22 
r66-06 

L 66-44 

1 /-8 62-72 

-8 48-86 

24-12 

2 

© 

© 


8 1789 

81840 


10 29 

44 29-1 

r89-66 

1 30-28 
f61-77 
t.42-99 

1 r -2 22-66 
r \-2 12 -G 2 

23-61 

2 

^207 


81860 

8 1969 


26 6i 

29 .67^ 

('66-76 

1 47-22 
r87-71 
1.30-02 

1 r-4 54-68 

M _4 48-46 

28-68 

2 

© 

® 

a{. 

B 1101 

8 2028 

82 8 

88 48 

17 88. 

87 19. 

r20-74 

1 18-28 
r68-89 
t.46-98 

f-l 44-90 
‘\-l 86-70 

22-90 

2 

® 

© 


8 2081 

8 2211 



88-CG 
lG-71 

1 +6 .68-21 

28-89 

■ 

i 


Mean 27' 27' 23"-77 ± 0"-ll. 


Station —^Inkwelo. No. 59. 

Latitude 27° 31' S. Longitude 29* 50' E. Observer—G. 

Dates—1904, December 10, 17. 


No. of 
Pair. 

Stare. 

Mean 

It. A. 

Meim 

Declination. 

Stun of 
Uorrections. 

Latitude. 

No. of 
Nights. 

Other Catalogue 
Numbers. 



h. n. 8. 

1 29 69 

46 48 

O 1 ft 

16 10 6-66 
88 63 12-38 

/ It 

|-0 23-98 

27' 81' 

n 

16-03 

2 

g B 869 



49 17 

1 68 24 

89 4 4-94 
16 46 6-18 

^+6 8-01 

14-16 

2 

§ S 812 
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Table XT— cmUmei. 

Bbsults of Latetutib Obsbbvations — conthmed. 
Tnkwelo— continued. 


No. of 
Pair. 



Mean. 

Declination. 

Sum of 
OorreotionB. 

Latitude. 

Naof 

Oiheir Catalogue 
Numbers. 



li. m. B. 

O 

f 

II 

1 II 

27" 81' 

II 



»{ 

S 004 

S 978 

2 12 
28 

16 

SO 

6 

48 

51 

8 

61’88 
8’98 

j>+l 16-66 

18*54 

2 

B 680 0 292 N142 
U 819 N 164 


S 1027 

S HOG 

80 

8B 

1 

48 

8 

46 

16 

56 

42-72 

60-79 

j--6 8-42 

18-88 

2 

B606 

© 

»{ 

1 

S 1087 

S 1106 

81 

88 

19 

48 

8 

46 

14 

66 

66-62 

60-79 

j--4 10-08 

1.8-67 

2 

© K614 
© 

»{ 

S 1166 

S 1222 

46 

68 

88 

12 

24 

80 

67 

14 

17-11 

28-10 

j.-4 88-76 

18-84 

2 

© 

© 


S 1266 

S 1848 

2 67 

3 10 

81 

66 

28 

26 

27 

27 

24-68 

21-70 

}+8 47-61 

[10-74] 

1 

0 387 OGO 446 
© 

«{ 

S 1870 

S 1401 

14 
8 18 

2 

11 

29 

26 

8 

66 

60-61 

62-42 

|-1 6-26 

15-25 

1 

© 

@0 416 


Reaalt in braokefts rejected. Mean 27“ 81' 14“'07 ± 0''*19. 


StcOion —Kaalkop n. No. 180. 

Latitude 27* 85' S. Longitude 29* S' E. Observer—G. 

Dates—1905, Jan. 16, 18. 


Na of 
Pair. 

Stars. 

Mean 

B.A. 

Mean 

Declination. 

Sum of 
Correctiona. 

Latitude. 

No. of 
Nights. 

Other Catalogue 
Numbers. 

>{' 

S 1616 

R 918' 

I. in. B. 

8 46 64 

48 67 

0 t II 

86 29 16-82 
18 42 69-97 

/ II 

j--l 4-06 

27" 86' 

II 

8-88 

1 

U488 

© 


B 987 

S 1780 

3 66 8 

4 7 88 

12 60 86-63 
42 14 27-72 

j-+2 33-72 

6-90 

■ 

C^) 

© 

»{ 

R 1040 

S 1866 

16 30 

20 28 

20 .61 66-78 
84 14 14-86 

j-+l .69-49 

,6-80 

■ 

0 638 

0 644 


S 1926 

B 1966 

1 26 81 

29 87 

40 48 28-81 

8 26 47-78 

j-+0 28-96 

4-47 

2 

© 


BllOl 

S 2028 

82 6 

88 42 

17 88 18-28 
87 19 46-98 

j.+0 4-94 

6-02 

n 

@ 

«{ 

B 2120 

S 2190 

48 0 

4 67 18 

86 8 66-14 
20 11 28-88 

j.-2 86-81 

4-18 

H 

0 

0 C608 


S 2218 

S 2284 

6 0 80 

2 11 

49 60 17-86 

6 12 81-92 

+8-89-66 

4-46 

H 

® 

0 611 

«'{ 

B1224 

3 2867 

4 1 

17 2 

4 84 46-86 
60 42 28-98 

^•-8 82-34 

6-07 

H 

© S 2242 

0 686 

*{ 

S 2872 

B 2481 

19 9 
24 2 

14 0 68-48 
41 1 81-21 

}+8 60-64 

6-46 

H 

© 

0 645 

10 { 

' B 2660 

S 2682 

86 19 

6 40 81 

82 40 44-62 
22 28 44-84 

1 

1 

j-+0 20-00 

4-78 


© 

0 675 

Mean 27° 81 

5’4’'-84±0“- 

18. 
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Table XT— 

Ebsults of Latitddb Observations— Gontiniied. 
Station — ^Vierfontein. No. 178. 


Latitude 27° 41' S. Longitude 28' 36' E. Observer—G. 

Date—1905, Feb. 1. 


No. of 
Pair. 

1 

Stara 

1 

Mean 

a.A. 

Mean 

Deolination. 

Sum of 
Oorrectioim, 

liatitade. 

No. of 
Nighta. 

Other Catalogue 
Numbers. 


S 1981 

S 2008 

b. m. s. 

4 81 62 

86 10 

« 1 II 

80 46 28-48 
24 40 4-64 

' " 

1 -1 14-70 

27° 41' 

II 

29-82 

1 

0 656 

0 666 

K 

S 2049 
B1149 

40 41 

4 46 42 

28 7 28-00 
27 16 47-98 

} -0 8-71 

29-28 

1 

@ S 2107 


B1218 

S 2261 

6 3 1 

4 62 

19 81 29*06 
86 60 26-21 

j- +0 81-01 

' 28-64 

1 

0 


S 2804 
B1298 

11 7 

20 62 

86 6 8-18 
19 27 88-28 

1 -4 62-60 

28-20 

1 



S 2441 

S 2466 

24 69 

28 82 

87 18 84-16 
17 68 28-78 

j- +6 29-82 

29-18 

1 

© 

0 664 

»{! 

S 2697 

S 2682 

42 28 

46 66 

82 20 82-06 
28 0 1-16 

j- +1 11-29 

27-89 

1 



K1448 

S 2671 

48 0 

49 19 

17 84 42-88 
87 89 4 10 

} +4 86-08 

28*60 

1 

0 

® 


8 2699 
B1482 

61 61 

6 67 28 

60 28 87-07 

6 8 14-28 

-4 26-96 

28-69 

1 

0 


Mean 27° 41' 28"*71 d: 0"*12. 


Station —^Bosohrajad. No. 106. 

Latitude 27' 44' 8. Longitude 27' 11' E. Observer—^M. 

Datee—1905, Aug. 22, 23, 24, 25, 27, Sept 4. 


No. of 
Pair. 

Stars. 

Mean 

B.A. 

Mean 

Declination. 



No. of 
Nights. 

Other Catalogue 
Numbers. 

K 

B 4686 

S 9676 

b m. B. 
17 82 8 
41 0 


' " 

1 +1 81*20 

27“ 44' 

II 

24-48 ' 

‘6 

N1126 GDO 2899 
N1186 


S 9802 

S 9868 

17 68 48 

18 1 80 

9 46 44-88 
46 46 40-22 

} -1 48-71 

28-67 

6 

N 1148 
© 


B 4769 

S 10015 

8 6 
17 64 

21 6 2-G8 
84 26 47-24 

1 -1 0-71 

24-26 

6 

N1166 OGO 2492 
N1176 


S 10062 

B 4876 

22 48 
30 2 

47 16 61-64 

8 18 89-05 

j- -8 21-47 

28-88 

G 

© 

N1189 000 2645 

»{ 

S 10189 

B 4981 

88 24 
49 18 

89 46 64-09 
16 48 18*69 

j. -0 48-08 

28-31 

6 

® 

® 


S 10867 

S 10884 

18 69 86 

19 1 12 


j. +0 88-09 

28-80 

6 

A 6866 

N1227 


B 6094 

S 10521 

9 42 
20 66 

26 26 14-96 

29 65 68-62 

j. +8 60-66 

28-18 

6 

N1287 

© 


S 10668 

B 6228 

28 12 
81 48 

48 18 15-28 

7 14 20-26 

j- -1 55-10 

22-64 

6 

0 2408 A 7016 
N1266 

*{ 

S 10660 

B 5888 

48 12 
19 58 8 

29 1 28-11 
26 27 10-26 

j. +0 7-82 

24-01 

6 

® G 6101 

S 10781 G 5178 
OGO 2768 


Oxonnd at tins point very unsteady. Mean 27° 44' 28"*62 ± 0"*1S. 
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Table 'U— oomimud. 

Ebsults of Latitubb Obsbrvations — continued. 
Station —Hermitage. No. 181. 

Latitude 27° 46' S. Longitude 29° 21' E. ObseiTei*—G. 
Date—1905, Jan. 10. 



• Station —^Zoetvlel No. 176. 

Latitude 27° 50' S. Longitude 26° 22' E. Observer—G. 
Dates—1905, April 8, 4. 


No. of 
Pair. 

Stars. 

Mean 

B.A. 

Mean 

DecUnatioju. 

Sum of 
Oori’eotious. 

1 

Latitude. 

No. of 
Nighta 

other Catalogue 
Numbers. 


S4097 

B4148 

h. m. B. 

8 0 15 

6 8 

« ( II 

89 44 7-08 
16 68 12-71 

1 ii 

j- -0 40-08 

27“ 60' 

1 n 

29-84 

3 

© 

»{ 

S4819 

S4468 

19 86 
30 50 

48 11 6*67 

7 89 19-06 

} -4 48-09 

29-77 

2 

@ A 2947 


54617 

54618 

84 18 
41 58 

42 89 28-87 
18 12 0-80 

-5 18-86 

28-49 

B 

0 986® 

0 1004 

*{ 

8 4678 

8 4766 

46 7 
64 16 

89 67 67-96 
16 46 19-18 

1 -1 86-79 

[82-78] 


© 


8 4787 
B2848 

8 56 88 

9 4 0 

40 68 8-88 
14 46 19-66 

j- +1 18-91 

29-86 

2 

§ 


8 4988 
B2408 

11 52 
18 4 

88 10 26-28 
17 29 16-60 

} +0 88-02 

28-41 

2 

© 

’{ 

8 6180 
B2476 

27 28 
82 17 

81 27 10-88 
24 16 44-46 

} -1 27-60 

29-92 

2 


«{ 

8 6284 

8 6286 

86 42 
48 80 

10 20 18-28 
46 28 48-72 

} -4 1-89 

29-11 

2 



8 6886 

8 6407 

47 48 
9 58 4 

7 89 26-69 
47 67 88-69 

]• +1 86-14 

28-78 

2 ■ 

0 2166 


Beralt iu Inscbets rejected. Mflun S 7 ° 50 ' 29"*29:k0"*16. 
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Table JS—coKtimud. 

BoasuLTB OF Latitude; Obsbirvations— continued. 

Station —Braunziju Kop, No. 107. 

Latitude 27° 61' S. Longitude 26° 66' E. Observer—G. 
Dates—1906, March 24, 25. 


No. of 
Pair. 

Slat's. 

Mean 

lt.A. 

Mean 

Declination. 

Sum of 
UorrecUons. 

Latitude. 

No. of 
Nights. 

Otlier (Jatalogue 
Numbei's. 



h. m. 


a 

r 

n 

/ If 

27" 50' 

II 




8 4097 
S4148 

8 0 
5 

15 

8 

89 

15 

44 

68 

7-08 

12-71 

j- -0 9-50 

60-87 

2 

© 

*{ 

S4S19 

S4466 

19 

80 

86 

50 

48 

7 

11 

89 

6-67 

19-06 

} -4 12-86 

60-61 

2 

© A 2947 


3 4617 

3 4618 

84 

41 

18 

58 

42 

13 

89 

12 

28-87 

0-80 

j- -4 42-67 

69-07 

2 

0 986 © 

0 1004 


3 4678 

3 4766 

46 

64 

7 

16 

31) 

in 

67 

46 

67-90 

19-18 

} -1 6-80 

[62-70] 

2 

© 

»{ 

8 4787 
B2848 

8 66 
9 4 

88 

0 

40 

14 

58 

45 

2-88 

19-66 

j- +1 49-88 


2 

0 

»{ 

3 4988 
K2408 

11 

18 

52 

4 

38 

17 

10 

2!) 

25-28 

16-50 

j- +1 8-56 

58-94 

2 

© 


3 6180 
B2470 

27 

82 

28 

17 

81 

24 

27 

16 

10-88 

44-46 

j- -0 66-99 

60-48 

2 



3 6224 

3 6286 

86 

42 

42 

80 

10 

46 

20 

28 

18-28 

48-72 

j- -8 81-88 

69-02 

2 


»{ 

3 5886 

3 6407 

47 
9 58 

48 

4 

7 

47 

89 

67 

26-59 

88-69 

j- +2 27-08 

69-72 

2 

0 2100 


Besalt in brackets rejected. Mean 27“ flO' 59" • 95 ± 0" • 18. 


Station —Salt Lake. No. 57. 

Latitude 27° 55' S, Longitude 80° 4' E. Observer—G. 
Dates—1904, Nov. 27, 29. 


Naof 

Pair. 

3taxa 

Mean 

B.A. 

Mean 

Declination. 

Sum of 
OorreotioiiB. 

Latituda 

r ' ' 

Na of 
Nights. 

Other Oatalogae' 
Numbers. 


3 

B 

881 

194 

h. m. R. 

0 46 84 
61 18 

0 

48 

11 

r 

66 

47 

II 

6*45 

11-21 

I II 

j- +8 52-48 

27" 64' 

II 

01-81 

2 

3 864 


B 

3 

228 

419 

0 56 48 
10 7 

7 

48 

18 

27 

68.64 

21-00 

+1 61-12 

CO-bD 

1- 

U 187 

•{ 

8 

8 

480 

472 

1 48 

9 84 

47 

8 

18 

20 

68-83 

19-64 

} +4 62-46 

01-64 

2 

014dN6GA847 

*{ 

B 

3 

888 

606 

22 41 
27 84 

9 

40 

47 

4 

89-28 

11-98 

j. +0 8-80 

69-88 

2 

A 487 


3 

B 

682 

890 

81 42 
84 20 

80 

26 

28 

80 

67-61 

87-22 

j. -2 16*78 

61-64 

2 

8661 0 214 

’{ 

3 

R 

764 

469 

49 48 
66 41 

46 

8 

40 

69 

22-08 
18-.57 

j. +2 12-97 

68-67 

1 

0 241 N122 

A 607 


8 

B 

806 

476 

1 67 51 

2 1 27 

46 

10 

10 

44 

80-01 

2-48 

j. -2 16-19 

61-08 

1 

A 662 


Mean 27" 56' l"-22 ± 0"‘80. 
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TaUa XT— oontnvued. 

RfiBrn/re or Latixtjdb OBSBBVAiioire— cotOiimed. 
Station —^Therons Kop. No. 174. 

Latitude 28" 19' S. Longitude 26° 47' E. Observer—G. 
Date—1905, April 11. 


Naof 

Pair. 

Stars. 

Mean 

fLA« 

Mean 

Deolination. 

Sum of 
Oori-eotious. 

Latitude. 

Naof 

Nights. 

Other Catalogue 
Numbers. 



h. m. 

B. 

0 

f 

n 

t tl 

28’ 18' 

II 



>{ 

S 4101 

S 4127 

8 0 

8 

.84 

80 

82 

24 

24 

1 

21-10 

48-67 

y +6 64-81 

69-16 

1 

0 927 © 


S 4160 

S 4298 

6 

18 

28 

19 

43 

12 

60 

44 

88-00 

66-01 

j- +1 16-86 

69-86 

1 

© 

0 962 


S 4868 

B 2192 

22 

28 

82 

8 

41 

14 

60 

42 

81-76 

29-66 

j- +2 29-87 


1 


*{ 

S 4478 

B 2218 

80 

84 

64 

28 

87 

19 

17 

24 

4-18 

11-02 

} -1 87-98 

69-69 

1 

0 978 ® 


S 4682 

B 2287 

42 

60 

48 

48 

46 

11 

41 

0 

88-28 

80-88 

j- -2 4-69 

69-94 

1 

0 1009 ® 

*{ 

S 4766 

S 4787 

64 

8 66 

16 

88 

16 

40 

46 

68 

9-19 

2-88 

-0 86-86 

68-90 

1 

© 


S 4989 

S 4971 

9 11 
16 

48 

12 

46 

11 

9 

84 

86-47 

26-27 

j- -3 0-82 


1 

0 1060, A 8296 

0 1071 

H 

S 6066 

S 6161 

22 

80 

66 

20 

8 

48 

14 

84 

47-41 

68-94 

-5 68-19 

69-99 

1 

© 

H 

S 6224 

S 6884 

86 

9 47 

42 

8 

10 

46 

20 

29 

18-28 

24-26 

-6 61-88 

69-94 

4 

© 


Mean 28’ 18' 69"-72 sb 0"-09. 


Station —Sohoongezioht. No. 173. 

Latitude 28° 19' S. Longitude 26° 24' E. Observer—G. 
Date—1905, April 16. 


No. of 
Pair. 

Stars. 

Mean 

fi.A. 

Mean 

Declinalaon. 

Sum of 
Oorreotions. 

Latitude. 


Other Catalogue 
Numbers 


S 4868 
B2192 

h. n. a. 

8 22 82 
28 8 

• 1 II 

41 60 81-76 
14 42 29-66 

‘ t n 

j- +2 61-64 

28® 19' 

II 

22-86 

r ^ 



S 4478 
B2218 

80 64 
84 28 

87 17 4-18 
19 24 11-02 

^ -1 14-67 

22-90 

0 

0 978® 

»{ 

S 4682 
B2287 

42 48 
60 48 

46 41 88-28 
11 0 80-88 

^ -1 41-64 

22*89 

■ 

0 1009 ® 

*{ 

S 4766 

S 4787 

64 16 

8 66 88 

16 46 9-19 
40 58 2-88 

j. _o 14*41 

21-86 

■ 

© 

«{ 

S 4089 

S 4971 

9 11 48 
16 12 

46 9 86*47 
11 84 26*27 

J. -2 38-47 

21*90 

'1 

0 1060, i 3296 
01071 

•{ 

S 6066 

S 6161 

22 66 
80 20 

8 14 47-41 
48 84 68-94 

1 -6 29-84 

28-84 

■ 

© 


S 6224 

S 6884 

86 42 
47’ 8 

10 20 18-28 

46 29 24-26 

j. -6 27*86 

28-91 

■ 

© 

li 

S 6842 

B 2649 

48 0 

9 60 86 

46 6 7-87 
10 86 4-80 

^ -1 18-20 

22-89 

■ 

0 1169, A 8688 


Mean 28’ 19' 22"*76 ±. 0"‘21. 
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Table U—oontfniMd. 

Ebsumjs of Latuxtdb Obsirvationb — continued. 

Station —Orange Biver. No. 184. 

Latitude 29“ 40' S. Longitude 24“ 16' E. Observer—M. 
Dates—1905, Sept. 22, 25. 


No. of 
Fair. 

Stars. 

Mean 

B.A. 

Mean 

Deolination. 

Sum of 
Oorrections. 

Latitude. 

No. of 
Nights. 

Other Oatalogne 
Numbers. 



h. m. B. 

0 f It 

I ff 

29* 89' 

II 




S 10592 

B 6269 

19 82 68 
86 60 

68 29 8’92 

0 60 80'45 

J. +0 8*46 

68*18 

2 

0 

® 


B 5268 

S 10640 

88 8 
40 46 

16 41 26*80 
48 84 29*40 

1 +1 68*86 

61*96 

2 

OGO 2721 

A 7087 

»{ 

S 10741 

B 6869 

64 6 
19 66 40 

46 22 20*84 
18 64 2*88 

+1 41*60 

68*21 

2 

A 7168 

OGO 2766 


B 6410 

S 10871 

20 6 0 
14 4 

9 7 26*08 
50 18 66*63 

-8 71*79 

58*02 

2 



S 10906 

S 10984 

19 28 
28 27 

41 6 8*88 
18 7 40*98 

j. +2 68*40 

68*08 

2 

?1829 

«{ 

B 6688 

S 11067 

81 2 
42 67 

12 42 87*11 
46 84 48*78 

j. +1 18*48 

68*86 

2 

OGO 2846 

A 7462 


B 11184 

B 6646 

61 24 
68 26 

44 28 6*66 
14 51 1*18 

+0 18*80 

62*22 

2 1 

A 7600 

OGO 2898 


Slim 

S11187 

66 64 
20 69 0 

89 0 9*68 
20 18 61*81 

+2 62*99 

68*66 

2 

N1876 

N 1877 


B 6688 

S 11249 

21 2 6 
6 68 

19 28 6*40 
89 48 89*78 

y +1 28*46 

61*54 

2 

OGO 2919 

io{ 

S 11806 

B 6768 

18 64 
14 67 

46 25 22*76 
18 64 16*29 

+0 4*81 

68*88 

2 

^7619 


B 6789 

S 11890 

22 12 
27 16 

14,0 0*11 
46 16 7*48 

j. +1 60*00 

68*80 

2 

S693®A7097 

12 { 

S 11627 

B 6904 

48 10 
21 60 21 

87 48 42*98 
21 86 20*86 

j. _2 9*70 

62*22 

2 

^1484 


Mean 29" 89' 62" *92 ± 0"‘16. 


Station —North End "Wepener Base. No. 122. 

Latitude 29“ 48' S. Longitude 26® 59' E. Observer—S. 
Dates—1905, March 2, 8, 4, 5. 


Naof 

Fair. 

Stars. 

Mean 

B.A. 

Mean 

Declination. 

Sum of 
Oorreotiona 

Latitude. 

No. of 
Nights. 

1 

Other Oatidogne 
Numbers. 




0 1 ft 

1 It 

29’ 48' 

II 

■ 



S 2749 

S 2772 

6 « 7 

6 0 48 

27 21 26*81 
82 10 11*80 

y -2 16*62 

88*68 

H 

0 

0 


S 2826 

S 2861 

6 64 

9 16 

81 0 22*91 
28 26 19*21 

+0 12*67 

88*68 

4 

0 

0 


S 2911 

B 2989 

16 0 

6 22 24 

69 10 8*61 

0 18 7*76 

j. +1 66*12 

88*80 

8 

0 

0 


(14181) 


X 
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Table U—Hior^med, 

Rbsumb of Latitudb Obsbhvation 9—oonimwecZ. 
North End Wepener Base— continued. 


No. of 
Pair. 



Mean 

Declinatiou. 

Sum of 
OorreotioDB. 

Latitude. 

No. of 
Nights. 

Other Oatalogne 
Numbers. 


S 8082 

S 8100 

11 hi. a. 

6 27 1 
82 64 

0 r II 

27 42 12*09 
81 48 28*16 

1 n 

1 _1 46*74 


■ 



S 8166 
K1G99 

88 69 
46 68 

69 1 66*26 

0 26 80*94 

j- -0 9*99 


H 

0 

0 

»{ 

S 8279 

S 8817 

60 12 
6.8 66 

24 8 64*22 
86 22 60*66 






S 3848 
K1768 

6 66 66 

7 0 40 

46 8H 10*82 
18 49 26*68 

y -0 16*12 



0 


8 3426 
B1801 

2 67 

7 11 

42 10 68*82 
17 10 26*64 

+2 64*20 


H 

® 

® 

»{ 

S 8491 

S 3502 

■ 9 11 

10 42 

86 4 26*86 
28 19 27*97 

j- +1 87*34 

84*26 

8 

® 

m 

U1841 

S 8604 

16 28 
17 27 

8 44 18*78 
66 47 88*97 

j. -2 26*18 

88*74 

3 

0 

® 

H 

S 8646 

S 8686 

22 4 
26 67 

81 82 68*47 
27 68 48*84 

+0 10*79 

84*46 

8 


■K 

S 8719 

S 8780 

30 18 
86 18 

23 16 69*02 
86 16 46*90 

\ -2 49*81 
J r*JPi • 

88*66 

8 

0 

0 

13{ 

8 3828 

S 8918 

1 

39 42 

7 44 69 

28 11 6*86 
81 22 49*47 

-!S '28*61 

88*90 


§ 


Mean 29“ 48' 88" • 68 ± 0" • 08. 


Station —South End Wepener Base. No. 123. 

Latitude 29“ 55' S. Longitude 27° 8' E. Observer—S. 

Dates—1905, March 17, 18. 


■ 


Mean 

ILA. 

Meau 

Declination. 

Sum of 
Oorreotiona 

Latitude. 

No. of 
Nights. 

Other Oatalogue 
Numbers. 


U1622 

S 8061 

li. HI, a 

. 6 27 16 
29 6* 

0 1 II 

8 6 28*82 
61 46 82*69 

f ff 

} -0 40*24 


2 

0 

® 

K 

S 8108 

S 8169 

88 48 

89 84 

18 9 17*76 
■41 48 14*28 

j- -1 80*82 


2 

0 

0 

•{ 

S 8198 

S 8240 

42 81 
46 46 

14 19 26.62 
46 27 24*86 

y +1 21*17 


2 

0 

® 


S 8257 

8 8281 

48 22 
60 16 

86 6 60*97 
28 48 82*16 

y -2 66*68 

46*98 

2 

® 0 780 
® 

K 

S 8826 

S 8849 

64 46 
66 11 

26 86 4*87 
88 20 87*97 

j- -8 5*66 

46*87 

B 

0 
® ’ 


R1760 

B 8886 

68 84 
6 69 19 

16 88 89*29 
48 16 66*62 

y -0 1*27 

46*18 

■ 

© 


S 8428 
B1802 

7 2 7t 
7 ITS 

88 14 11*64 
21 88 46*26 

j- -1 42*88 

46*07 

■ 

0 0 810 

® 
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•Table IT—conMiiMd. 


Easui/rs op Lautobb Obseetationb — coniinwrf. 
South End Wepener Base— continued. 


No. of 
Pair. 

Stara* 

Mean. 

Mean 

DeolinatioiL 

Sum of 
Oon-eotions. 

Latitude. 

Na of 
Nights. 

Other Catalogue 
Numbeis. 



h, zn. B. 

0 f fl 

t tt 

29" 64' 

tt 




S 8496 

B 1840 

7 9 67 
16 10 

48 48 28-86 
16 12 59-46 

j- -3 24-89 

46*61 

2 

® 

»{ 

B1844 

S 8607 

16 88 
18 27 

8 41 44*20 
51 IS 80*26 

j- -2 61-77 

46*46 

2 

© 

io{ 

8 8688 

S 8661 

21 6 
24 1 

81 87 19*06 
28 10 40*16 

1 -fO 46*62 

46*12 

■ 

© 0 848 
© 

“{ 

S 8690 

8 8728 

27 1 
SO 84 

88 68 26*98 
26 64 29*91 

j- +0 47*60 

46*02 

■ 

0 

0 

is{ 

S 8744 

S 8761 

82 16 
88 16 

88 10 68*76 
26 86 6*73 

^1 16-71 

46*46 

1 

0 

0 

13{ 

S 8829 

S 8860 

89 48 
41 61 

86 49 26-11 
24 1 28-60 

j- -0 48-08 

44*22 

D 

0 

0 


S 8886 
B1996 

48 17 
46 86 

89 49 88*68 
19 67 68*46 

j. + 1 1-67 

46-12 

0 

0 

0 


B2002 

S 898U 

46 69 
60 40 

24 17 8-40 
86 87 41*82 

-2 88*84 

46*62 


® B 8940 

0 

1^ 

S 4011 
B2087 

68 61 

7 66 62 

48 14 48*64 
16 41 88*87 

j. —3 20-99 

47-61 

■ 

0 

0 


Mean 29" 64' 46" *07 ± 0"-16. 


Station —^Aasvogelberg. No. 127. 

Latitude 80® 18' S. Longitude 27® 3' E. Observer—S. 
Date—1906, March 26. 


No. of 
Pair. 

Stars. 

Mean 

B.A. 

Maun 

DeclinatioD. 

Snm of 
OorrectionB. 

Latitude. 

No. of 
Nights. 

Other Oatalogne 
Numbers. 

'{ 

S 8882 
B1980 


0 t It 

44 66 64*82 
16 45 20*76 

; n 

j- -8 1-69 

80® 17' 

tt 

86*20 

1 

0 

0 

■ 

S 3984 

S 8962 

46 21 

47 66 

46 8 2*08 
14 36 6-28 

^ -4 26-76 

37*48 

1 

0900 

© 


3 4018 

3 4086 

66 0 
66 44 

8 26 18*42 
67 18 17*01 

j. -1 88*08 

87*18 

1 

0 

0 

i 

3 4094 
R2077 

7 69 69 

8 4 26 

49 41 8*90 
11 8 42*72 

_4 44*92 

88*89 

1 

0 

0 

m 

3 4206 

B 2121 

9 0 
14 12 

46 21 88*96 
14 16 10*47 

j> -1 14*98 

87-24 

1 

0 

0 


3 4282 

3 4298 

16 10 
18 9 

47 68 67*19 
12 44 64*81 

-1 60*08 

86-72 

1 

© 

'{ 

3 4819 
B2164 

19 86 

20 81 

48 11 6*67 
12 27 21*98 

} -1 86-42 

87*90 

1 

0 

0 

»{ 

B2160 

3 4866 

21 8 
8 22 48 

21 49 68*48 
88 44 64*47 

j- +1 16-94 

89-89 

1 

§ 


X 2 


(14181) 
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Table TJ— 

Rbsults of Latitude Obseetations— confmttcd. 
Aaavogelberg— continued. 


No- of 
Pair. 

Stam. 

Mean 

B.A. 

Mean 

Declinaiioii. 

Sum of 
CorrectiouB. 

Latitude- 

Na of 
Nights. 

Other Oatalogiie 
^inmbeie. 



h- m. B. 

e / If 

1 tt 

80° 17' 

" 

■ 


»{ 

S4418 

B2192 

8 26 40 
28 8 

46 0 47-77 
14 42 29-66 

^ -4 0-66 

88-06 

fl 


io{ 

S 4496 
R2226 

83 2 
86 16 

60 88 28-06 
10 6 81-66 

_4 49.10 

88-26 

■ 

® 

® 


S 4678 
S4G12 

89 16 
41 48 

86 86 6-79 
25 2 80-80 

^ -1 39-98 

88-82 

1 

® 


S 4044 
B2281 

48,18 

8 49 88 

66-80 88-95 

6 4 28-28 

j. +0 6-88 

86-49 

■ 

§ 


Meau 30" 17' 87"-08 d= 0"-28. 


Station —Helvelyn. No. 129. 

Latitude 30® 42' S. Longitude 27® 16' E. Obsei’ver—S. 
Dates—1905, April 14, 15. 


No. of 
Pair. 

Stars. 

Meau 

B.A. 

Mean 

Decliualaou. 

Sum of 
OorreotioiiB. 

Latitude- 

No. of 
Nights. 

Other Oatalogue 
Numbers. 


B2198 

S 4467 

,b. m. 1 . 

8 28 11 
29 61 

« / II 

14 6 48-12 
47 16 62-40 

/ n 

+0 61-98 

80“ 42' 

II 

9*74 

■ 

0 

® 


B2210 

3 4618 

88 4 
84 12 

12 16 17-08 
49 6 84-82 

j- +1 42-77 

8-72 

2 

® 

® 

»{ 

B2227 

B 4649 

86 26 
87 16 

8 42 61-74 
62 48 8-98 

j. -0 49-68 

8-26 

2 

0 

® 

*{ 


40 64 
46 8 

58 10 48-44 

8 17 2-46 

-0 47-07 

8-88 

2 

0 

0 


S 4688 

S 4760 

46 64 
62 80 

G 49 16-06 
64 86 68-22 

j- -0 29-63 

7-61 

1 

0 

0 

•{ 

B2818 

S 4810 

66 40 

8 68 28 

22 10 19-16 
89 1 42-01 

J- +1 87-62 

8-20 

2 

© 

0 


S 4880 
B2848 

9 0 68 
4 0 

46 48 10-28 
14 46 19-62 

j- -2 6-07 

8-88 

2 

^038 


S 4881 
B2871 

6 86 

9 88 

47 6 20-86 
14 18 6-06 

} +0 26-02 

7-98 

2 

0 

0 

»{ 

R2888 

S 4978 

12 21 
14 66 

10 42 14-82 
60 89 S-67 

+1 28-62 

7-86 

2 

0 

0 



18 68 
22 67 

89 22 18-28 
21 65 87-08 

} +8 18-62 

8-68 

1 

0 

0 



26 42 

27 86 

26 10 22-88 
86 17 28-81 

j. -1 46-71 

8-88 

2 

0 0 1100 

0 

is{ 

S 6177 

S 6197 

81 67 

9 88 10 

80 48 26-78 
80 82 86-87 

j- +1 88-44 

9-49 

2 

0 

0 


Mean 80° 42' 8"’ 66 db 0"-14. 
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Table X[—contimed, 

Hbsui^ ov LA.aTniDii OfigmayATiONS— cdntimied. 

Station —Bendearg. No. 130. 

Latitude 31® 7' S. Longitude 27° 59' E. Observer—S. 

Date—1905, April 30, 



Station —^Xuka. No. 10. 

Latitude 31® 18^ S. Longitude 28® 0' E. Observer—S. 
Dates—1905, May 7, 10. 


No. of 
Fair. 

Stars. 

Mean 

B.A. 

Meoa 

Deollnation. 

Sum of 
Oorreotions. 

Latitude. 

No. of 
Nigbls. 

Other Oatalogue 
Numbers. 

■{ 

S 6990 
112816 

b. m. «. 

10 45 10 
47 0 

0 1 II 

41 51 66*47 
20 44 46*28 

/ // 

J- -0 16*80 

81* 18" 
II 

5*66 

1 

§ 


B2826 

3 6061 

48 50 
'62 0 

14 66 20*78 
47 86 1*61 

+2 24*-87. 

6*07 . 

■ 


•{ 

3 6078 
B2868 


68 1 60*48 

9 29 1*79 

} +2 89*62 

6*76 

■ 

® ■ 

® 

*{ 

B2878 

3 6207 

11 1 46 

7 G 

12 54 12*76 
49 89 11*48 

j- +1 24*10 

6*22 

2 

® 


X 3 


(14181) 
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Table n— eoKHmud. 

Rbsults ot Laiw itob Obsbbvations— conimued. 
Xuka— covdinvued. 


No. of 
Fair. 

Stars. 

Mean 

R.A. 

Mean 

Deolination. 

Sum of 
OorreotionB. 

Latitude. 

Naof 

Nif-htB. 

Other Catalogue 
Numbers. 



h. m. 

0 / II 

t n 

81“ 18' 

II 




8 6286 
B2916 

11 9 24 
11 46 

69 6 7-88 

8 26 68-88 

+1 86-88 

6-71 

2 



S6296 

S6298 

18 66 
14 86 

48 16 6-61 
14 16 61-56 

j. +2 6-47 

6-66 

2 

0 1811 N 719 


8 6819 
B2963 

16 38 
20 8 

46 21 66-89 
17 9 48-64 

+2 16-29 

6-61 

2 

S 6847 0 1820 

*{ 

8 6875 
B2979 

28 68 
25 18 

46 16 4-84 
17 21 41-69 

-0 10-06 

4-20 

1 


m 

8 6427 
B8006 

28 86 
81 61 

68 47 68-68 

8 47 18-89 

} +0 28-81 

6-07 

2 



8 6491 
B8087 

88 69 
87 11 

88 48 17-27 
28 61 29-86 

j- +0 42-49 

6-06 

2 

0 

® S 6681 


8 6676 
B8068 

42 8 
48 40 

89 68 69-46 
22 83 46-74 

} +1 41-90 

6-01 

2 

0 

® 

“{ 

8 6628 

8 6647 

48 89 
11 60 60 

84 82 14-72 
27 66 .51-76 

j- +8 82-79 

6-08 

2 

0 


Mean 81“ 18' 6"-f)9 ± 0''-10. 


Station —^Lubisi No. 8. 
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Table U— ootieludtd. 

Ebsui/eb 07 Latitube Obsebyationb— conoZttied 
Lubisi— continued. 


No. of 
Pair. 

Stars. 

Mean 

RA. 

i 

Mean 

Declination. 

Sum of 
Corrections. 

Latitade. 

No. of 
Nights. 

Other Oatalogue 
Numbers. 



li. m. 1. 

0 t n 

1 It 

8° 46' 

II 



“{ 

B8271 

S7016 

18 81 0 
85 56 

20 0 10-46 
48 34 46-47 

J -0 46-87 

42-09 

1 

0 

0 

io{ 

S7047 

R8820 

89 29 
41 86 

62 14 7-69 
11 17 40-16 

} +0 47-88 

41-80 

1 

0 

0 


S7086 

B8852 

45 40 
48 44 

69 48 44-68 

8 42 25-64 


41-17 

1 

1 

® 

0 


S7141 

S7176 

68 27 
12 67 14 

36 46 41-87 
27 46 81-65 

} +0 84-66 

41-42 

1 

0 

0 


Mean 81“ 46' 41" *64 ± 0"*08. 
Station —^Owecweid. No. 9. 


Latitude 31° 52' S. Longitude 28° 2' E. Observer—S. 
Date—1905, May 16. 


No. of 
Pair. 

Stars. 

Mean 

B.A. 

Mean 

DeclinatioD. 

Sum of 
Oorreotions. 

Latitude. 

No. of 
Nights. 

Other Catalogue 
Numbers. 



h. m. B* 

0 / ft 

t ft 

81“ 62' 

It 

■■ 



B 2984 

S 6821 

11 16 44 
16 40 

9 40 29-01 
68 JiH 13-85 

} +0 7-11 

28-64 

H 

0 1315 

*{ 

3 6840 

3 6862 

19 12 

20 67 

26 26 18-94 
37 13 29-71 

j- +2 36-20 

28-02 

1 

1 

■’{ 

S 6878 

B 2988 

24 12 
26 1 

67 87 7-80 

G 11 42-18 

y -1 66-68 

29-11 

■ 

0 

0 


S6418 

S 6448 

27 88 
80 88 

28 44 .34-14 
36 5 11-99 

j. -2 23-69 

29-38 

■ 

0 

0 

»{ 

S6478 

S 6484 

88 4 
88 88 

80 41 28-17 
88 4 46-20 

j- -0 88-62 

28-66 

1 

§ 


B8040 

R 6678 

87 69 
41 56 

3 1 1-66 
60 89 0-97 

j- +2 26-79 

28-06 

0 

® 

0 1862 


R 8061 

S 6621 

48 84 
47 18 

9 46 66-08 
68 62 60-18 

+2 85-07 

28-20 

■ 

§ 


S 6626 

S 6688 

48 7 

49 22 

83 22 46-80 
80 22 48-40 

1 -0 16-27 

28-68 

1 

0 

o{ 

B8102 

S 6667 

62 64 
68 27 

8 1 18-60 
65 47 18-44 

j- -1 47-66 

28-46 

n 

® 

0 1868 

1«{ 

8 6700 
B8185 

11 67 24 

12 1 66 

62 0 2-08 
11 42 48-08 

j- +1 6-66 

28-16 

■ 

® 

0 


8 6771 
B8156 

4 0 

6 10 

.40 42 8-96 
23 4 28-69 

1 -0 48-89 

27-03 

■ 

® 

S 6789 0 1890 


S 6856 

S 6868 

16 16 
16 6 

21 38 61-04 
42 2 4-82 

y +2 0-65 

28-28 

■ 

0 1407 
® 

I8{ 

S6889 

S 6902 

18 44 
1-2 20 18 

88 28 8-16 
-25 27 41-12 

j. ~2 68-86 

28-29 

1 



Mean «1“ 52' 28"-48 ± 0"-0R. 


(14181) X 4 
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Table V. 


LIST OF FIELD REOOED BOOKS. 

a, BiJSB Linb Bboobdb.— ^Mr. Sihmb. 


No. of Book, 




Belfast Base 


^Honte Biver 


Standards and Wire Oomparisons. 


Wire Measures. 


'» » .t” 11- ” 

„ .Levelling. 

Ottoidioop Base .. .. Wire Measures, 

r ,» ..Levelling. 

\Belfast Base.Levels between Monument and Station. 

Wepener Base.Wire Measures. 

„ ..Levelling. 

Eroonstad &8e .. .. .. Wire Measures. 

„ *..Levelling. 

„ ..Wire Measures. 

Houte Biver Base .. ,. Levelling (8rd Measure). 

„ „ „ .. .. Wire Measiues. 

„ „ „ .. .. Levelling (Ist and 2nd Measures). 

Oopies of Base Line Records (incomplete). 


&. Gbotjnd Staitdabds.—^Mb. Eobinson, 



Pretoria.Public Buildings. 

„ .Baoeoourse. 

Johannesburg.Joubert Park. 


C. COMPABIBON OF BajSS. 



Mr. Bobinson. 

Mr. Oochrane. 

Oolonel Morris and Mr. Bobinson. 


d . Hobizontal anx> Ybbttoal Anolbb. 


of Book. 



Mr. Simms 



Observer. 


Ool. Morris .. Ottoshoop Base Extension. 


OaUe Hill. 
Nooitged^ht I. 
Blijvoornitzichb 
.Observatoiy HOI. 


Paarde^ 11. 
Elands Eop L 
Witkop IL 
YliegenkraaL 


Braunzijn Kop (pt). Liebenbe^W Stroom. 
Boschrand. Spitzkop H. 


Boschrand. 

[Doornkop. 


Bbenosterkop IL 
E. End Eroonstad. 

Braunzijn Eop (pt). 

Elandskop I. 
Elandskop U. 


/ Cable Hill to W. End Eroonstad. — Sight and watch telescope 
" \ pointings. 
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Table V—ooatmued. 

T.wpp ox* EiMiD Bboobd Books— continued 


d . Hobizontal and VBBiaaAL Anglis— eontmued . 


No. of 
Book. 

Observer. 

Description. 

28 

Mr. Smma 

.. * 

rKafiSr Eop. 

1 Bietfontein. 
l,Mljtihard1fs Bust. 

Zwartkrans. 

fihebokberg. 

Mabula. 

Miaohache. 

29 


• • « 

r Thaba Fatsoa. 

{ Thaba Tanen. 
[^DOchoele. 

Jammersberg. 

N. End Wepener. 


80 

t) 

• • * 

rS. Bnd Wepensr. 
j Gobo Gobo. 

I^Aasrogel Berg. 

Nthodimonate. 

Helyelyn. 

Wasohbank Feak. 
Bendearg. 

31 

)» 

■ • 

Xnka. 

Gwecwenl 

Lnbisi. 

82 


• • 

r*S. Bad Houtfl River. Dwarsberg. 

J Pont *Blaauwberg. 

I^Dogola. *A.lso Astronomical Observations. 

*Lejnma. 

*LoEikop II (part). 

88 

» 

■ • 

/Loskop II (pi). 
\EIameelkop, 

•N. End Eonts Elver. Fortogal. 

Matala. *Solmell’B Eop. 

84 

)> 

■ • 

/Iron Grown. 
^Manoutaa. 

Thama Eooah. 

Mount Anderson. 

Yerloren Yld. 

Tafelkop (D.E.). 

85 


• • 

Daplioate Becorda (on paper) of books (26-84). 

86 

Oapt Gordon.. 

/Salt Lake. 

\Inkwelo. 

Nthabankuln. 

Hlamimpesiberg. 

Langberg 1. 

Elandaberg III (port) 

87 


• • 

/Blandsberg III (pari). 
\Blaanwkop. 

Spitzkop I. 

Tafelkop ^.) (part). 


88 


k • 

/Tafelkop (B.) (part). 
\Sterkfont^ 

Ylakfontein. 

Baatjea Bnli 


89 


■ • 

/Tafelkop (D.K.> 
\Wondorfontein. 

Baatjes Bnli 

Yerloren YleL 

Belfasi 

40 

>» 

• • 

/Panplaata. 

^Groot Biet Vie!. 

Faardekop. 

Quaggafoniein. 

Bhenoaterkop L 

41 

>» 

9 • 

r Gable HUL 

J Yergenoeg. 

1 'Wi&op. 
l,Onverwacbt. 

Bnzelberg. 

Eacdkop X 

Tafelkop. 

Filandsberg. 

Nooitgedaoht L 

Boabraaberg. 

Zwartkloof. 

42 

)} 

• • 

Nthabankuln. 

Salt Lake. 

Inkwelo (2Dd visit). 

48 

)) 

« ■ 

/Drakensberg. 

(.Gtoabokberg. 

Eennltage. 

Eaalkop IL 

Yaalbank Eop. 

44 

n 

m 9 

rViorfontein. 
\Langberg 11. 

Eafflr Eop. 

Elanddrop II. 


46 

)» 


r'Bhenoslerkcm II. 
Nooitverwaolii 
Braunzijn Eop. 

I Zoetvlei. 

Therona Eop. 

1 Sohoougeziohi 

Bieaie Fan. 

Bosberg. 

Weltevreden. 

Eareelaagte. 

J)n Flesaia Dam, 
Boahof HllL 

Bondefontein. 
Aasvogel Eop. 
Tarantal Eop. 
Faardeberg. 

Soholtz Eop. 

46 

j* 


r Orange filver. 

Beaters Eop. 

J Wonderkloof. 

Bosohjea Fan. 
[Flatkop. 

Luipers Band. 
Fauresmith Hill. 
Lokshoek. 

Drie Baden. 

De Put 

Lemoenfontein. 

Koesberg. 

Aasvoral Berg. 

Gk)bo Qobo. 
Jammersberg. 




3S0 


Nn.of 

Boolr. 


Table y—eontinutd. 

List of Field Eeoosd Books— continued, 
d. Hobizontal and VBETiaA.L Anoles— continued. 


Observer. 



47 Oapt. (Gordon.. Pretoria to Johannesburg, secondary ohain. 
bo 58 9 , Duplicate records of books 36 to 47 Inolnsive. 


59 Oapt Loy 


63 to 66 


Aaavogol Kop. 
Tarantal Eo]^ 
Kameel Fan II. 
Spion Eop. 
Boshof mil 

Sohoonheid. 
Never Mind. 
Eopje Enkel. 
Eameelpan I. 
Smitskraal. 
Nooitgedacht II. 

BimonsvleL 

Zwarf B Bust. 

Bosohpan. 

Earre^O. 

DriekuiL 

Disselboom Pan. 

Middelbiilt 


Zwartkop II. 

Boesmauskop. 

Leenwlaagte. 

Uitkyk 

Wlnterhoek. 

Amsterdam. 

Klipkall. 

Doomhoek. 

Holpan. 

Panfonlein. 

Morgenzon. 

Makoeies Pan. 
Doombult I. 

E^th^ Boomen. 
Welvediend 
De Paarl. 
Bethleliom. 


Bethel Pella. 
Boomplaats. 
Houtnek. 
Laugvallei. 


Makouws Eop. 
Strappan. 
Doombult III. 
Bosalie. 
BielpaD. 
Doombult II. 

Polfontein. 
Ghrootfontein. 
Malapo*8 Oog. 
Witkop L 
Elippan. 
Vergenoeg. 


^Middelbult Schietfontein. 

DriekuiL Doornplaats. 

Leeuwfontein. Elerkraorp. 

^BhenoBter Berg Hoek 

Duplicate records of books 60 to 62 indusive. 


Vlaklaagte. 

Paradijs. 

BovenJands Plaats. 
Nooitverwaoht 


67 Mr. Cochrane . Camp, Mieiutjes Eop, Eoedoespoort, Muckleneuk, 


e. Asteonomioal Obsbevatxonb. 


No. of 
Book 


Observer. 


Ool. Momq 


Mr. SimioB 



R. Bod Belfeuit Base, More’s Eop. 

S. End Belfast Base (Horizontal Angles). 

r Mare’s Kop, N. End Belfast Base, Langekloof, also Horizontal and 
\ Yertaoal Angles. 

Observatory Hill (Johannesburg). 

Boschrand, Orange Biver, Driekuil. 

Wepener Base extension to LubisL 


rtikwela Eaalkop II. Vierfontein. 

74 Oapt. Gordon.. ^ Gemsbokberg. VaalbankKop. Salt Lake. 

(^Hemdtage 

» Brannzijn Eop, Zoetvlei, Thwons Eop, Sohoongezicht. 

, ' » Meintjes Eop, Muckleneuk 

7Ca Mr. Simms .. Duplicate Tlecords, Northern chain. 
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TaUe V — c<n\timud. 

List of Fifld Bboobd Books— continued, 
f Geodhtio Ljsvbuing. 


Ddagoa Bay to Malelane. — Mr. Ldmnyer. 


No. of Book. 

DisteuQoes. 

No. of Book. 

Distanoeeu 

77 

To 

kila 

4-6 

86 

To 

kilo. 

77-1 

78 

|1 

19 

12 

86 

99 

99 

87-7 

70 

II 

99 

28 

87 

II 

614 

miles 

80 

11 

91 

82 

88 

99 

674 

19 

81 

11 

19 

84 

89 

19 

78 

99 

82 

19 

19 

49-2 

90 

99 

794 

99 

88 

II 

99 

68-6 

91 

99 

86 

11 

84 

19 

11 

G6-6 

92 

19 

Maldane, BM 9. 


Maohadadorp to Balmoral. — Mr. Cochrcmc. 


98 

To 20:IJ miles 

98 

To 262 miles 

94 

„ S. Sid Belfast Base 

99 

99 11 

96 

„ 218 miles 


„ 2784 „ 

96 

„ 2804 „ , 


„ 286} „ 

97 

„240j „ 

■■ 

„ Balmoral, BM 014. 


Balmoral to Breimia. — Mr. JMmig&r. 


103 

To 8081 

f miles. 

106 

To 8464 miles. 

„ B.iL 26 in 

Also 

104 

„ 82i; 

99 

107 

^ persona 1 it 7 

106 

„ 884] 

r 99 

1 

Govt. Build -1 
ings,Pretoria J 

observa- 

tioiis. 


108 Second measure Pretoria Station to B.M. 26. Also Pretoria to Irene. 


Qermiston to Potcliefatroom. — Mr. Lowinger. 


109 

To 164 

miles. 

113 

To 78 miles. 

110 

,1 81] 

91 

114 

91 99 

111 

„ 87 

99 

116 

„ 98^ „ BM 47. 

112 

„ 66 

M 



Qcrmiston to Kroonstad. — Mr. Lowinger. 


116 

To 691J 

: miles. 


To 620 miles. 

117 

„ 678; 

' 91 


»C04J „ 

118 

„ 666; 

f 19 


,, 690 ,, 

119 

„ 660^ 

? 99 


E. End Kroonstad Base. 

120 

„ 636 

11 

■■ 

• 


Maldcme to Mackadadoip. — Mr. Lowinger. 


126 

To 1004 

miles. 

ISO 

126 

„ 1J8: 

? 99 

181 

127 

„ 128; 

I" >9 

182 

128 

„ 189; 

f 99 

188 

129 

„ 168 

99 



To 168^ miles. 



01. 


184 


Bepetition of BM 0 to BM 1. (First measure, book 77). 
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Table V—aontmutd. 

Lest of IFibld ItBOOBO Books— oondkded. 
Geodstceo LbykIiUNQ— concktded. 

Ghrmiston to Irme. — Mr. Lowinger. 


No. of Book. 

Distances. 

1 

Ho. of Book. 

1 

Disttmceeu 

186 

To 870f miles. 

186 

Irene, BM 26. 


Mr. Cookrane. 


No. of Book. 

Desmiptioo. 

187 

188 

139 to 144 
144 a 

BM! 88 (Park Station) to Observatory Hill (Johannesburg), Beacon. 

BM! 024 (Pretoria) to Mnckleneuk Beacon. 

Duplicate records of books 77 to 82 inolusive. 

Some duplicate records on paper. 


g. Misoellakboiib. 


145 

146 

147 
14« 


Obseryations made at Headquarters. 

Experimental levelling observations, and comparison of lliermometers, 1904, 
July 12. 

Standardization of Level Staves. 

Value of divudons of levels by level Tester at ILO. Oapo 
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Table W. 


LIST OF COMPUTATION KEOOBDS. 


BOOKS. 


a. Babb Lines. 



Redaotion to horizontal and redaction of Wire meaeures. 
Redaction to horizontal 

Redaotion to horizontal and I'edaotion of Wire measaies. 


Belfast Base .. Redaotion to horizontal ( 
Belfast Base .. Redaction to horizontal 
Belfast Base ,. Redaction to horizontal \ 

oI Wto 

Ottoahoop Base.. ^ 

SSSted®S2ie:; of wire mewureB. 

IIoatB River Base j 

Ottoahoop Base.. Reduction to horizonteJ. 
Wepener Base .. Redaction to horizontal 
Eroonstad Base.. Reduction to horizontal 
Houts River Base Reduction to horizontal 


h, HokczoxteaIi AjEiaLus. 


Reduction of Ool filorriaf observations. 

„ , „ Mr. Simms’ „ 

„ „ Oapt, Gordon’s „ 

” » Ley's 99 

Adjustment of Figures. 


0 . Yebtioax Akglbs. 


Redaotion of Vertioiil Angles, Book 1. 

M M Book 2. 

Oalcolation of verticaj Heights. 
Adjustment „ „ 


d . OouFXJi’AnoK OF Tbiangubis. 


Abstract of Horizontal and Yertioal Angles. 

Spherical Bxcesi^ Triangalar Brrors, Approximate Lengthsi of Lines, Final 
Angles and Computation of Sides. 


6 . OtBOurc SoLimoN. 


Latitudes, Longitudes and Azimuths, Preliminary. 
Spheroidal Co-ordinates, Data for Oixcuit Solution, Book 1. 
„ „ „ „ „ Book 2. 

„ f, „ „ „ Book 8. 

Latitudes, Longitudes and Azimuths, Final, Book 1. 

„ „ ,1 „ Book 2p 
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Table W— continued . 

List of Oomptttation Kboobds— oor ^ inued , 

f. ASTBONOjaOAL. 

So. of Book. Description. 

27 Uomputation of Astronomical Azimaths. 

28 ,, „ ,, Latitudes. 


g. GeODETIO IiBTELLlEa. 



Bednction of Mr. L5 winger’s observations, Book 1. 

„ „ „ „ 

,, ,, „ „ Book 8. 

» 99 9 » If Book 4. 

Reduction of Mr. Ooohraoe’s obseiwatioiis. 

Heights of Beuoh Marks. 


h . Bough Field CoMPUTATioire. 


85 Oapt. Gbrdon. 

86 Mr. LCwinger. 

87 Mr. Oochrane. 


PAFBBB 

Base Lines. 

No. of Packet Descriptitm. 

88 Reduction to Mean Sea Level of all Bases. 

89 Ground Standards, Johannesburg and Pretoria. 

k. HoBizoNTiJi AjraLEs. 

40 Absti«ot8, SphericAl Hxceea, Approximate Lengths of Lines. 

41 Adjustment of Figures. 

l . Ykbtioax HmoHis. 

42 Adjustment of Vertical Heights, Oapb Ley’s chains. 

m. Pbobablb Erbobs. 

48 Probable Errors, Horizontal Angles and Vertical Heights. 
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Table W—confmuatL' 

List of Computation Rboobds— continued . 
11. CiBOuiT Solution. 


No. of Peoket. 

DeBoription. 

44 

Data for Adjastmezit 

45 

Solntiuii of Nonoala 

46 

Oorreotion to Oo-ordinates, Oorrected Oo-ordiuates, Latitades, LongitudeB aud 


Aziinuths from Oo-ordiiiates. 

0. Astbonomioal. 

47 

Hednotion of Assunnth Observatioiis. 

48 

I) )) Latitiids yj 

jp. Bans. 

49 

Beduction of Bar OomparifionB} 1906 and 1906* 

q. GbODOTIO IiBTEQUUNG. 

50 

t 

e 

AbstractB of Hm^hta of Bench Marks (inoomplete). 

51 

Field Oompatationfi. 


r. Swaziland Tbianqulatiqn. 

62 

OomputaUoiiB of Latitudes, Lonptades, Admuths and Spheroidal Oo-ordinates. 
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I larTO and proniment one running N. and S 
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rock 20 leet high on W. oF kop. 
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FINAL RESULTS. 


Latitude, Longhtddb, Azimuth, Loa Lengths of 

ABOVH Mean Sea Leyel. 


Lines, and Hbightfi 


BREAKFAST VLEI. 


Station No. 1. 

Latitude . 

Longitude . 

Height above M.S.L. 


o y // 

33 5 29-318. 
26 57 8*685. 
1747*3 feet. 


Station Observed. 

Station 

No. 

Atimuths. 

Loe Lengths of Lines 
m En^h Feet 



0 1 ft 


Hogsbaok.. 

2 

187 1 46-08 

.5-2604874 

Bekraip Kop . 

3 

267 63 8-48 

.5-2194896 


HOGSBACE. 

Staiionl^o. 2. 

Latitude ... ... ... 

I 

Longitude . 

Height above M.S.L. 


D / // 

32 35 40*263. 
27 1 29*264. 
6360*1 feet. 


Station Observed. 

station 

No. 

Azimuths. 

Log Lengths of Luioh 
in English Foot. 

Breakfast Ylei. 

1 

• 1 II 

6 69 26-86 

6-2604874 

Windvogel Berg. 

G 

194 80 16-08 

5-0476343 

Qennbie. 

4 

272 28 22-16 

6-8386618 

Berlm . 

5 

800 52 69-38 

6-3246629 

Bekruip Eop . 

8 

816 12 62-76 

6-8066106 


BEEBUIP EOF. 

Station No. 8. 

Latitude . 

Longitude. 

Height above M.S.L. . 


e / // 

32 59 41*088. 
27 28 51*240. 
1590*0 feet. 


Station Observed. 

Station 

No 

Azimuths. 

Lo^ Lengths of Linas 
in English B'oot. 

Breakfast Ylei. 

Hogsbaok. 

Gonnbie. 

Berlin . 

1 

1 

2 

4 

5 

» 1 II 

77 86 46-07 

186 58 8-41 

208 40 40-96 

227 88 7-68 

6-2194896 

6-8056106 

8*1988646 

4-7470787 
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Final "RjisuLTS — continued. 


GONUBIE. 


Station No. 4. 

Latitude 

Longitude. 

Height above M.S.L. 


O 1 // 

32 37 5-280. 
27 43 26-928. 
2795-1 feet. 


StAtioii Olworvod. 

Btaticm 

No. 

Azimuths. 

Lengths of Lines 
in En^i^ Feet. 



o r n 


Rorlin . 

5 

18 37 6-12 

6-0208689 

Rokruip Kop . 

3 

-28 82 46-61 

6-1938646 

TIo^l)ac.k.. ,. ^ • • • 

2 

92 6 46-47 

6-3886618 


BERLIN. 


Station No. 5. 

Latitude ... .. 

Longitude . 

Height above M.S.L, 


0 t H 

32 53 27-821. 
27 36 54-571. 
1699-2 feet. 


Btation Obaorved. 

Biaiion 

Na 

Azimuths. 

Iro^ Lengths of Lines 
in English Feet. 

Bokrulp Kop . 

ILo^b^. 

Gtonubie. 

3 

2 

4 

1 

0 / tr 

47 28 44-74 

120 33 49-86 

198 40 87-40 

4-7470787 

6-8246629 

6-0208689 


WINDVOGELBERG. 


Station No. 6. 

Latitude 
Longitude ... 
Height above M.S.L. 


O / // 

32 17 51-360. 
27 6 54-774. 
5357-1 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
m English Feet. 

Ilogsbaok.. 

Lubifli •. . 

Mbulu. 

Qonubie. 

H 

a 1 II 

14 27 20-44 

211 48 21-61 

268 26 10-89 

801 69 48-94 

6-0476848 

6-3490401 

6-2801674 

6-8446819 
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Final Results— conto'm/e<i. 


MBITLU. 

Station No. 7. 

Latitude ... . 

Longitude. 

Height above M.S. L. 


o t II 

32 8 48-186. 
27 42 19-521. 
3901-7 feet. 


{Station ObHeired. 

Statiou 

No. 

Azimutha 

i 

Log Lengths of Lines 
m Feet. 

Windvogelberg.. 

6 

0 t If 

78 6 17-46 

6-2801674 

Liiloisi •• «• • 

8 

154 8 48-09 

6-1767018 

Oweowem. 

.9 

226 6 1-64 

6-1486140 

Qonubie. 

4 

868 4 28-42 

6-2846886 


LUBISI. 

Station No. 8. 

Latitude ... . 

Longitude. 

Height above M.S.L. 


o / // 

81 46 30*743. 
27 29 38-497. 
5828-3 feet. 


Station Observed. 

Station 

No. 

Azimnths. 

Log Lengths of Lines 
in Sngli^ Feet 

Windvogelberg. 

G 

0 1 It 

81 86 18-10 

6-8490401 

Waachbwk Pe^. 

181 

176 2 82-66 

6-2767092 

Xuka 

10 

222 8 46-62 

6-8688406 

Owecweni-s . 

5 9 

282 17 10-28 

6-2286088 

Mbnlu /. . 

1 

884 10 80-94 

6-1767018 


OWEOWENI. 

Station No. 9. 

Latitude ... . 

Longitude ... . 

Height above M. S. L. 


O I II 

81 52 23*132. 
28 1 36*061. 

4198*2 feet. 


Station Observed. 

Station 

Na 

Azimntha 

Log Lengths of Lines 
. u English Feet 

Mbulu. 

■ 

0 f n 

44 65 48-60 

6-1486140 

Lnlinsi . 


102 0 19-18 

6-2286083 

Xnka . 


177 20 69-74 

6-8208688 

Basseia • • .. . 

11 

228 81 9-88 

6-2089910 
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Final TIbhults— cowimnw/. 


XUEA. 

Station No. lO. 

Latitude . 

Longitude. 

Height above M.S.L. 


o / II 

81 17 58-589. 
27 59 44-512. 
6212-3 feet. 


Station Observed. 

Station 

lio. 

Azimuths. 

Log Lengths'of Linos 
in Engliidi Feet. 

iiubid .. 

8 

o / It 

41 63 1-89 

6*3688496 

Waschbank Peak . 


94 57 27*77 

6*2816811 

Bendearg. 4 . . 


176 57 28*85 

4*8860706 

View JJiil. 

12 

247 87 5*39 

5-2062291 

Bazeia. 

11 

807 10 82-92 

5-1816999 

Oweoweni. 

9 

867 21 58*16 

5-8208538 


BAZEIA. 


Station No. 11. 


0 i it 


Latitude . 

• ■ fl 

31 83 0-171. 

’ Longitude .. 

• • • 

28 23 8-576. 

Height above M.S.L. 

• • • 

... 5501'7 feet. 

Station ObseiTed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in Buglisli Feet. 

Oweoweni . 

9 

0 1 II 

•13 19 62*60 

6*2089910 

Xuka .. •• . 

10 

126 68 28*49 

6*1816999 

View Hill .. . • . 

12 

189 54 17*32 

6*1911000 

Bele . 

14 

227 0 42*60 

6*0860826 

Ncolora . 

18 

244 2 69*64 

6*1805408 

Nquadu .. 

16 

249 8 18*38 

6*1182671 

VIEW HILL. 


Station No. 12. 


O / it 

Tjatitude 

• • • • • 

... 31 7 45-923. 

Longitude ... 

« « • t • 

... 28 28 10-908. 

Height above M.S.L 

• • • 

... 5137-3 feet. 

Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in Engush Feet 



o / u 


Bazfda 

11 

9 61 37-47 

5-1911900 

Xuka . 

10 

67 22 21*08 

6*2062291 

Ladykok . 

10 

216 26 45-01 

.6*2116766 

Nquashu. 

18 

274 20 22-K) 

5*1814876 

color a. 

13 

808 18 22*92 

5*1451741 

Bele . 

14 

318 10 21*17 

4-9718468 

































Final Results— cowiMmec?. 


Station No. 13. 
Latitude 

NCOLORA. 

■ « ■ • • • 

Longitude 

... 


Height above M.S. L. 


o / // 

31- 22 1-194, 

28 49 15160. 
3797-7 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Len^s of Lmeti 
in En^h Feet. 

Nqnadu.. 

15 

0 1 II 

8G 50 44-40 

4-8971950 

Bazeia. 

11 

68 49 19-46 

5-1805408 

Bele . 

14 

109 8 48-61 

4-7000867 

View Hill. 

12 

128 7 27-09 

5-1451741 

Ladykok ,, . 

19 

176 25 81-18 

5-8888882 

STquasbu. 

18 

208 55 52-92 

4-9842882 


Station No. 14. 

Latitude 
Lougitude ... 
Height above M.S.L. 


BELE. 


o / // 

31 19 18-180. 
28 40 9-315. 

4853-9 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Len^hs of Lines 
in En^ish Foot. 

Gcwengana . 

16 

O / ff 

7 18 *18-67 

4-8007082 

Bazeia. 

n 

46 51 47-58 

5-0850826 

View Hill. 

12 

188 18 8-74 

4-9718463 

Nquasliu. 

18 

236 36 39-61 

5-0277990 

Ncolora. 

18 

289 13 27-55 

4-7000367 

Nquadn. 

15 

818 25 41-14 

4-6877874 

Umtata. 

17 

346 57 32-16 

5-0108100 


NQUADTJ. 

Station No. 15. 

Latitude ... ... ... 

Longitude .. . 

Height above M.S.L. 


o / // 

31 25 18-822. 
28 46 2-2-455. 
4279-7 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Tjen^hs of Lines 
in En^h Feet. 



o / // 


limtata .. .. . 

17 

8 12 2-36 

4-8067660 

Gcwengana . 

16 

56 56 18-38 

4-6825920 

Bazeia .« . 

11 

68 51 2-76 

5-1132C71 

Bele . 

U 

138 22 26-89 

4-6877874 

Ncolora .. 

18 

216 52 14-87 

4-8971950 
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Final Rbsults —oonthiiuid. 


aCWENGANA. 

Station, No. 16. 

Latitude . 

Longitude. 

Height above M.S.L. 


o / // 

31 29 38-549. 
28 38 36-421. 
2G61’6 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Len^hs of Lines 
in En^iuh Feet 

Bele . 

m 

0 1 II 

187 19 82-08 

4-8007082 

Nqiiadu. 


287 0 21-64 

4-6826920 

‘O’mtata «• •• •« •• 

■1 

820 2 26-88 

4-6860167 


UUTATA. 


Station No. 17 . 

Latitude 

Longitude 

Height above M.S.L. 


• • • 


0 / // 

31 35 46-549. 

28 44 36-772. 
2847-7 feet. 


Station Observed. 

Gowengana 

Hele . 

Nquadu . 

Station 

No. 

16 

14 

16 

AzimiitliH. 

0 f ft 

51) 18-30 

160 05 12-58 

188 12 57-58 

Log L(tugtliH or Linos 
in EugliHli FooL 

4-6860167 

6-0108100 

4-8067660 


/> 

NQUASHU. 

• 

Station No. 18. 


/ 

0 y // 

Latitude 

* . ■ • . 

31 9 36-385. 

Longitude ... 

. ■ ... 

... 28 57 13-706. 

Height above M.S.L. 


. . 4084-2 feet. 

Station Observed. 

Station 

Azimuths. 

Log Ijeugths of Lines 


No. 


in English Feet. 



o 1 n 


Ncolora. 

13 

28 61 44-67 

4-9842882 

Bele . 

14 

66 27 48-82 

6-0277990 

Viewliill. 

12 

94 6 20-78 

6-1814870 

Ladykok .. .. . 

15) 

168 44 14-19 

6-1886696 

Inaizwa.. 

20 

210 60 67-06 

5-1890302 
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Final B.bbuuvb— continued. 


LADYEOE. 

Station No. 19. 

Latitude ... . 

Longitude . 

Height above M.S.L. 


O t II 

30 46 8-859. 

28 46 89-422. 
6612-8 feet. 


Station Observed 

station 

No. 

Azimuths. 

Lo^ Lengths of Liuos 
in English Feet 

Viewhill. 

12 

0 / II 

86 17 14-92 

6-2116766 

Jnmbla. 

21 

198 14 40-02 

6-0114485 

IiiBizwa . ,, 

20 

274 8 47-78 

6-1800817 

Nqua^u .. . 

18 

888 49 40-54 

6-18S5696 

Ncolora .. . 

18 

866 26 61-66 

6-8388332 


Station No. 20. 
Latitude 

INSIZWA. 

• ■ « • « « 

Longitude ... 

• Ik u m • 


Height above M.8.L. 


O I II 

30 47 42-373. 
29 12 22-176. 
6128-9 feet. 


Station Observed. 

Station 

No. 

A 2 dmuthB. 

Loe Lengtlm of liiiiuH 
in Ihiffliuh Neeti 



a 1 II 


Nqnashu. 

Ladykok . 

18 

80 48 9-46 

6-1890802 

19 

98 65 88-28 

6-1800817 

Jumbla. 

21 

186 6 12-73 

6-1711789 

Mount Ooirie.' 

% 

22 

209 48 24-05 

6-1308010 



JUIOBLA. 



Station No. 21. 

• 0 

/ 

II 

Latitude 

... ... ... 80 

30 

3-062. 

Longitude ... 

. 28 

52 

46-813. 


Height above M.S.L. . 7517-9 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Lo^ Lengtiiu of Liueu 
m Ikiglitdi Feet. 

Ladykok. 

19 

0 1 11 

18 11 82-81 

6-0114485 

Miinganung . 

23 

186 » 25-64 

4-9189397 

Zwa^berg . 

• 24 

230 .')3 18-9.5 

5-8884636 

Mount Ourrie. 

22 

266 42 40-59 

5-2310678 

Insizwu. 

20 

816 16 11-89 

, 5-1711789 
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Final Ebsltjts— continued. 


MOUNT OUBBIE. 


Station No. 22. 

Latitude . 

Longitude . 

Height above M.S.L. 


o 4 n 

30 28 22-373. 
29 25 8-891. 

7296-4 feet. 


I Station Obeei^ed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in Engli^ Feet 

Insuswa'' . 

20 

0 f n 

29 41 68-87 

6-1808010 

Jumbla. 

21 

86 26 16-29 

6-2810678 

MiingTin'cmg • • •. • • 

28 

118 84 48-67 

6-2501217 

Zwarliberg . 

24 

179 21 47-65 

6-10G4022 

Malowe. 

26 

247 7 18-60 

5-1898661 

Hlnku . 

2C 

288 60 69-78 

6-2886881 

Inmli. 

Kc^stad. 

27 

814 64 20-79 

4-8708177 

28 

866 17 48-86 

4*4578009 


Nation No. 23. 
Latitude 


MUNOUNUNO. 


Longitude . 

Height above M.S.L. 


0 4 44 

80 16 34-354. 
28 54 9-807. 
6539*9 feet. 


Station ObseiTed, 

1 

Stnllon 

No. 

AzimutliH. ' 

Lu{r Len^rtliH of LiueH 
in EuglitOi Feet. 

Jumbla. 

21 

0 / 11 

6 4 48-65 

4-9189307 

Zwai'tberg . 

24 

250 67 38-81 

6-2885762 

Mount Ourrie. 

22 

208 60 28-68 

6-2601217 


ZWABTBBBQ. 

Station No. 24. 

Latitude ... ... ... 

Longitude. 

Height above M.S.L. 


O 4 44 

30 7 17-793. 
29 24 52-723. 
7615-3 feet. 


Station Observed. 

Station 

No. 

AkZimuths. 

Log Lenf^ of Lines 
m Bn^ish Feet 

Jumbla. 

21 

0 / n 

60 87 1-94 

6-8884686 

Mungunung . 

28 

70 42 6-30 

6-2886762 

Marwaga .. 

81 

222 21 12-20 

5-1937946 

MabdiLm* . 

80 

262 81 66-83 

6-2116848 

Malowe. 

26 

296 7 81-87 

6-2017866 

Mount Ourrie. 

22 

869 21 56-71 

6-1064022 


(14181) 2 A 
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Final RnisTn/ra— contmued. 


MALOWX. 

Station No. 25. 

Latitude. 

Longitude. 

Heiglit above M.S.L. 


O / // 

80 18 28-731. 
29 52 16-129. 
4888-8 feet. 


Station Observed. 

Station 

Na 

Azunntiifi. 

Log Lengths of Lines 
in En^ish Feet 

Ingeli 

m 

• 1 n 

88 24:62-04 

6-1689662 

Mount Ouirie. 


66 58i85’41 

6.1898661 

Zwartberg . 


114 68'-44-86 

6-2017866 

Mabehlan. 


190 49,;64-79 

4-9661719 

Bliika . 

H 

846 89 18-76 

5-0204926 


HXiU 

Station No. 26. 

Latitude. 

Longitude. 

Height above M.S.L. 


O / // 

80 35 8-941. 

29 57 13-249. 
3809-4 feet. 


Station Ohserved. 

Station 

No. 

Azimutha 

Log Lengths of Lines 
m Engli^ Feet 

Ingeli . ^ 

Mount Onrrie. 

^ffalowe •• •• •• 

TJmtamvnna . 

27 

22 

25 

29 

0 t tl 

84 18 51-26 

108 84 42-19 

166 86 48-19 

858 86 18-76 

5-0649486 

5- 2886881 

6- 0204926 
4-7429661 


INGELI. 


Stc^ion No. 27. 


0 / 

4/ 

Latitude ... 

» • • • ■ i 

... SO 37 

0-956. 


Lon^tude.. 

Height above M.S.L. 


29 85 10-853. 
7442-1 feet. 


Station Observed. 

Station 

No. 

Azunnths. 

Lop Lengths of Lines 
m EngiiaTi Feet* 

Sokstad. 

28 

0 1 >1 

116 17 18-26 

4-7451987 

Mount Onrrie. 

22 

134 49 14-86 

4-8708177 

Malowe. 

25 

218 88 81-82 

6-1689662 

Hlum . 

26 

204 80 4-48 

6*0649485 

Onitamyuna . 

29 

290 48 45-62 

6-0968704 
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FuTAii Rbsultb— continued. 


EOEBTAD. 

Station No. 28. 

Latitude. 

Longitude. 

Height above M.S.L. 


0 # #/ 

30 33 6-447. 

29 25 35-796. 
4268-6 feet. 


Station Observed. 

Station 

No. 

Azimuthfl. 

Lo^ Leilas of Lines 
in En^ifib Feet 

Mount^Ourrie. 

22 

0 » n 

176 17 86*19 

4*4678099 

Ingdi . 

27 

296 22 10-86 

4*7461987 


UMTAMVUNA. 

Station No. 29. 

Latitude ... 

Longitude. 

Height above M.S.L. 


o / // 

80 44 16-427. 
29 57 28-680. 
2602-1 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in Englidi Feet 

Ingeli. 

27 

0 > tl 

110 82 22*96 

6*0968704 

Hln^ . 

26 

178 86 10*89 

4*7429661 


MABBHLAN 


Station No. 80. 

Latitude 

Longitude 

Height above M.S.L. 


o J ti 

30 8 44-785. 
29 55 29-446. 
4895-9 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in Rnfflish Feet 

h£&lo^^e •• •• •• •• 

26 

0 1 II 

10 48 17*69 

4*9661719 

Zwartberg . 

24 

82 16 84*91 

5*2116848 

Marwaqa .. 

31 

148 68 26*22 

6*0404261 

Byrne Town . 

82 

219 68 19*26 

6*1147786 


(14181) 


2 A 2 
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Finaij Ebstilts— confmued . 


Station No. 31. 

MABWAQA. 

Latitude 

■ • * ■ • • 

Lou^tude 

• « ■ ■ • • 


Height above M.S.L. 


O / u 


29 48 18-315. 
29 44 47-382. 
6832-9 feet. 


Station Observed. 

Station 

No. 

Azunnths. 

Log Lengths of Lines 
in English Feet. 

Zwartberg . 

24 

0 1 If 

42 11 16-54 

6-1987946 

Spioen Kop (Natal) . 

86 

187 18 9-74 

6-1164220 

T^’hlnwi.n .. 

88 

214 89140-56 

6-0629728 

Zwart Sop L . 

84 

244 86*20-84 

6-2616677 

Byme Town . 

82 

267 44 •''8-48 

6-1472661 

Mab^lan . 

80 

829 8 46-60 

6-0404261 


BTBNE TOWN. 


Station !N'o. 32. 

Latitude 
liODgitude ... 
Height above M.S.L. 


O / // 

29 47 15-721. 

30 11 18-970. 
5165-4 feet. 


Station Observed. 

. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
m English Feet. 

Mabehlan. 

80 

0 t n 

89 50 26-66 

6-1147786 

Marwaqa .. «. . 

81 

87 80 62-60 

5-1472661 

Inhlnzan. 

88 

140 0 67-10 

5-0662636 

Zwart £op I. . 

84 

196 14 24-69 

4-8693.')08 


INHLUZAN. 


Station No. 33. 

Latitude . 

Longitude ... 
Height above M.S.L. 


0 141 

29 82 31-416. 
29 57 11-653. 
6482-1 feet. 


Btalicm Observed. 


Marwa(^ .. 

Sinoen &op (Natbl) 
Arroobar .. 

Moant Gilboa 
Zwort Eop L 
Byrne Town 


Station 

No. 

Azimutha. 

81 

0 I If 

84 83 82-11 

86 

124 47 60-46 

87 

201 67 42-33 

86 

229 80 16-18 

84 

280 68 81-77 

82 

320 7 66-62 


Lop; Lengths of Lines 
in Englii^ Feet. 


5'0629723 

4- 7777685 

5- 1061585 
5-1644606 

4- 9879671 

5- 0662686 
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Finax Ebstti/cs — continued. 


Station No. 34. 


2WABT KOF L 


// 


Latitude 


29 35 32*141. 


Longitude 

Height above M.S.L. 


30 15 18*426. 

4758*0* feet. 
4756*4 „ 


Station Observed, 

Station 

No. 

Azimuths. 

L(^ Lengtiis of Ijnes 
in En^idi Feet. 

Byme Town . 

Maxwacia. 


0 f tl 

16 12 28-67 

4-8698608 


64 21 16-66 

6-2616677 

Inlilnzan. 

88 

100 44 87-98 

4-9879671 

Spioen Eop (Natal) . 

86 

109 49 11-26 

6-1875126 

Anochar. 

87 

160 86 29-12 

6-1610682 

Mount Gilboa.. 

86 

186 82 8-42 

6-0484074 

Morton’s Hill. 

40 

194 44 33-68 

4-8610796 

Green Kop . 

Baynes’ Hill . 

88 

216 84 7-02 

6-0918868 

89 

240 30 44-70 

4-9929747 


• By actual levelling. 


SFIOEN EOF (NATAL. 


Station No. 85. 

Latitude 

Longitude . 

Height above M.S. L. 


0 / // 

29 26 52-422. 

29 47 64*908. 
7037-7 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in En^di Feet 

Marwaqa. 

81 

• r II 

7 16 87-04 

6-1164220 

Table Mountain. 

61 

167 46 49-16 

6-1129088 

Arroobai-. 

37 

229 6 22-18 

6-1087076 

Zwarikop 1. . 

34 

290 2 88-60 

6-1876126 

Inhluzan .. 

82 

804 62 24-66 

4-7777686 


Station No. 36. 
Latitude 


MOUNT aiLBOA. 


Longitude 

Height above M.S.L. 


O 4 u 

29 17 12-370. 

30 17 37*188. 
5796*8 feet. 


Station Observed. 

Station 

No. 

Asdmnths. 

Log Lengths of Lines 
ui En^ish Feet 



0 t It 


Zwartkop I. 

84 

6 80 67-78 

6-0484974 

Inhluzan. 

88 

49 20 14-27 

6-1644606 

Arrochar. 

87 

112 47 48-19 

4-8196611 

Greenkop. 

88 

281 7 21-70 

4-7921424 

Baynes* Hill . 

89 

810 88 66-78 

4-9829104 

Morton’s Hill . 

40 

851 67 47-46 

4-6166070 


(14181) 


2 A 8 
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I*rNAL Bbsdi/db — contirmed. 


AKROCEAB. 

Station No. 37. 

Latitude . 

Lougitude . 

Height above M.S.L. 


o / // 

29 12 58-719. 

30 6 10-531. 
5686-5 feet. 


Station Observed. 

station 

No. 

Azunuths. 

Log Lengths of Idnes 
mEn^h Feeb 

InhlnwiTi ,. ... ,, , ^ ,, 

88 

e 1 II 

21 68 17*97 

6*1061686 

Sploen Eop (Natal) . 

86 

48 67 26*42 

6*1087076 

l^bleMonntam. 

61 

108 40 20*47 

5*1776191 

TJmkolambn 

62 

186 88 26*76 

6*0666296 

Mount Gilboa. 

86 

292 68 18*70 

4*8196511 

Zwartkop L 

84 

840 40 66*66 

6*1610682 


OBEENEOP. 


Station No. 38. 

Latitude 

Longitude 

Height above M.S.L. 


o / // 

29 19 10-220. 

30 29 3-921. 
3271-0 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengtiis of Lines 
in En^idi Feeb 

Zwartkop I. 

84 

0 1 1 

86 27 18'* 62 

6*0918868 

Morton’s BUI. 

40 

62 12 4*66 

4*7986018 

Mount Gilboa. 

36 

101 1 46*66 

4*7921424 

Baynes’ Hill .. 

39 

846 26 49*62 

4*7169174 


BATNEB’ HILL. 

Station No. 39. 

Latitude . 

Longitude 

Height above M.S.L. . 


o / // 

29 27 31-680. 

30 31 22-213. 
2862*0 feet. 


Station Observed. 

Station 

Na 

Azimuths. 

Log Lengths of Lines 
iu Bnglise Feeb 

Zwartkop I. 

Otto’s Bluff . 

84 

O 1 II 

60 22 47*27 

4*9929747 

41 

74 88 29*62 

4*7268899 

Morton’s Hill . 

40 

107 60 68*78 

4*8489098 

Mount Gilboa. 

86 

180 82 11*04 

4*9829104 

York. 

42 

147 86 29*02 

4*6968184 

Qreenkop. 

88 

166 24 41*66 

4*7169174 

































375 


Finaii Ebsultb— continued. 


MORTON’S HILL. 


Statwn No. 40 
Latitude 
Longitude ... 
Height above M.S.L. 


oil! 

29 23 56*806. 

30 18 42*345. 
4038*6 feet. 


Station Observed. 

Station 

No. 

j&zimtitha. 

Log Lengths of Lines 
m Ikigliidi Feet. 

Zwartkop I. 

84 

O t u 

14 42 60*67 

4*8610796 

Moimt Gilboa. 

86 

171 67 16*60 

4*6166070 

Greenkop. 

88 

242 17 9*81 

4*7986018 

York . 

42 

266 66 18*18 

4*6771086 

fiajnes’ Hill . 

89 

287 67 7*09 

4*8489098 

Otto’s Bluff . 

41 

886 1 1*96 

4*6988468 


OOTO’S BLUFF. 


Station No. 41. 

Latitude . 

Longitude . 

Height above M.S.L. 


o / // 

29 29 51*391. 

30 21 42*662. 
8119*6 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Len^bs of lines 
in Engli^ Feet. 

Morton’s Hill. 

40 

o t tr 

166 69 88*80 

4*6988468 

Morton’s Kraals. 

44 

168 68 86*61 

4*4998868 

York . 

42 

212 28 8*60 

4*7496007 

Baynes’ Hill . 

39 

254 88 14*82 

4*7268899 

Baynes. 

43 

264 29 19*67 

4*4667989 


YORE. 

Station No. 42. 

X4ati.tude ... ... ... 

Longitude . 

Height above M.S.L. 


e t U 

29 22 2*016. 

80 27 28*511. 
2692*0 feet. 


Station Observed. 

Station 

No. 

Azimulihs. 

Log Lengths of Lines 
in English Feet 

Baynes. 

Otto’s Bluff . 

48 

O t It 

1 19 84*62 

4*6498918 

41 

82 26 21*01 

4*7496007 

Horton’s Kraals .. 

44 

66 86 28*67 

4*6997476 

Morton's Hill. 

40 

76 60 67*46 

4*6771086 

Baynes’ Hill . 

89 

827 88 26*25 

4*6968184 


(14181) 


2 A4 
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Futal Eesults — continued. 


BATNES. 

Station No. 43. 

... ... ... 

Longitude . 

Height above M.S.L. 


e / // 

29 29 23*489. 

30 27 11-830. 
2701-2 feet. 


Station Observed. 

Station 

No. 

Aziinutihs. 

Log Lengths of Idnes 
mBogli^Feet 

Otto*8 Blnff . 

41 

0 1 n 

84 26 87-61 

4-4667989 

Kraals*. 

46 

99 16 16-20 

4-2676586 

Morton’s Kraals. 

44 

128 89 18-06 

4-6689000 

Maoikienzie’B . 

45 

161 81 41-67 

4-6064789 

York . 

42 

181 19 40-26 

4-6498918 


UOBTON’8 EBAALB. 

Station No. 44, * 

Latitude . 

Longitude . 

Height above M.S. L, . 


0 y // 

29 24 44-624. 

30 20 33-886. 
2832-1 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
m Feet. 

York . 

42 

• t II 

245 88 44-60 

4-6997476 

Msckeneie’s . 

46 

264 69 8-80 

4-4006840 

Baynes. 

48 

808 42 28-72 

4-6689000 

Eraals . 

46 

826 8 87-40 

4-4818287 

Otto’s Bluff . 

41 

348 64 9-48 

4-4998868 


MAOKBNZIHi’S. 


Station No. 45. 

Latitude . 

Longitude . 

Height above M.S.L. 


a y yy 

29 24 22-778. 

30 26 17-123. 
2507-5 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in BngUuh Feet 

Eroals. 

Bound Hill . 

Morton’s Kraals.. 

Baynes. 

'Waterfall.’ 

H 

0 1 II 

16 38 7-06 

61 13 61-88 

84 66 49-22 

841 82 37-96 

862 18 4-24 

4-4669418 

4-1929449 

4-4006340 

4-6064789 

4-128498P 
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Festal Rbsdlts— continued. 


Station No. 46. 
Latitude 


KRAALS. 


Longitude ... 
Height above M.S.L. 


0 y // 

29 28 58*906. 

80 23 45*088. 
2415*8 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
m English Feet 

Morton’s Kraals. 

44 

• 1 II 

146 7 8-43 

4-4818287 

Rotind Hill . 

48 

167 10 7-28 

4-2571012 

Mackenzie’s 

46 

106 88 62-83 

4-4669418 

Waterfall. 

47 

216 16 40-60 

4-2861427 

BaToes. 

48 

279 17 66-99 

4-2676686 


WATERFALL. 

Station No. 47. 

Xjatitude ... ... ... 

Longitude . 

Height above M.S.L. 


o y // 

29 26 84*660. 
80 25 87*490. 
2195*8 feet. 


Station Observed. 

station 

No. 

Azimuths. 

Log Lengths of Lines 
ill Euglisli Feet 

Kraals. 

4G 

o 1 n 

36 14 46-29 

4-2861427 

South end of Base 

4U 

74 88 88-49 

8-9018774 

Bound Hill . 

48 

104 17 39-96 

4-1686127 

North end of Baue . 

no 

167 25 86-91 

8-9222106 

Mackenzie’s . 

45 

172 17 64-28 

4-1284980 


ROTTED HILL. 


Station No. 48. 

Latitude 

Longitude 

Height above M.S.L. 


o y yy 

29 25 59*424. 

30 22 59-688. 
2882*0 feet. 


Station Observed. 

Station 

No. 

Azimutha 

Log Lengths of Lines 
in Ehigiyi Feet. 

Mackenzie’s . 

46 

0 f n 

231 14 69-86 

4-1929449 

North end of Bose . 

50 

248 61 8-42 

4-0C1746G 

Waterfall. 

47 

284 18 67-63 

4-1686127 

South end of Base . 

49 

312 6 22-86 

8-9271176 

Kraals. 

4G 

847 10 29-60 

4-2.')71012 
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KqtaIi Rbsitlts — contvnmd. 


SOUTH END OF BASE. 


Station No. 49. 

Latitude . 

Longitude . 

Height above M.S.L. 


O / H 

29 26 55*548. 
80 24 10*584. 
2088*1 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in Bnglii^ Feet. 



0 / // 


Bound Hill . 

48 

182 6 47-98 

8-9271176 

North end of Base . 

60 

204 29 19-68 

4-0884428 

Waterfall. 

47 

_ 

. 264 89 21-21 

8-9018774 

NORTH END 

OF BASE. 


Station No. 50. 


0 / 

u 

Latitude 

• • • ■ • 

... 29 25 

18*236. 

Longitude 

.. 

... 30 25 

1*204. 

Height above M.S.L. 

... 

r 2084*9* feet. 

— 12081*8 „ 

1 

Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in En^sh Feet. 

South end of Base . 

49 

0 f ft 

24 28 64-76 

4-0884428 

Round Hill . 

48 

68 60 8-69 

4-0617466 

Waterfall. 

47 

887 26 54-74 

8-9222106 


* By aotnal levelling. 


TABLE MOXTNTAIN. 


Station No. 51. 

Latitude . 

Longitude . 

Height above M.S.L. 


o / // 

29 7 3*643. 
29 38 41*620. 
6508*4 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet 

Onderbrook .. . 

68 

« » u 

194 27 24-28 

5-2488827 

Umkolumbn . 

52 

248 87 48-88 

6-2619006 

Arroohar. 

87 

288 68 44-08 

6-1776191 

Spioen Eop (Natal) . 

86 

887 60 19-78 

6-1129088 
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PiNAii Busni/rs-r-confinttecZ. 


miKOLUMBU. 


Station No. 52. 

Latitude 

Longitude 

Height above M.S.L. 


O / // 

28 53 54-872. 
30 8 41-850. 

5005-4 feet. 


Station Observed. 

Station 

Na 

Azimuths." 

Log Lengths of Lines 
in En^ish Feet 

Axrodhar. 

87 

0 f II 

6 87 18-27 

6-0666296 

Table Mountain. 

61 

68 28 16*84 

6-2619006 

Onderbrook . 

68 

127 88 46-72 

6-1681912 

Jobd:op. 

64 

190 29 11-89 

6-0726069 


ONDliBBROOE. 


Station Ho. 53. 

Latitude 

Longitude 

Height above M.S.L. 


o / y/ 

28 39 2-370. 

29 46 52-897. 
4289-3 feet. 


Station Observod. 

station 

No. 

Azimnths. 

Log Lengths of Lines 
m English Feet 

Table Motmtain. 

61 

0 r n 

U 28 26*92 

6-2488827 

Biggarsberg . 

66 

206 8 88*33 

6-2486884 

JobSKOp. 

54 

259 26 22*52 

6-1479988 

Uxakolnmbn . 

62 

807 49 15*80 

6-1681912 


JOBSEOP. 


Station No. 54. 

Latitude 

Longitude 

Height above M.S.L. 


o / // 

28 34 44-369. 
30 12 43*069. 
5690-1 feet. 


Station Observed. 

Station 

Na 

Azimuths. 

Log Lengths of Lines 
in English Feet. 

Umkolumbu 

Onderbrook . 

Biggarsberg .* 

Noma Hill 

62 

63 

66 

66 

0 i It 

10 27 16-90 

79 18 0-11 

166 27 44-01 

207 28 8-41 

6-0726069 

6-1479988 

5- 1666800 

6- 1614794 
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Final Bbsulxs — contmued. 


BIOGARSdSBO. 

Station No. 55. 

Latitude . 

Longitude 

Height above M.S.L. 


o / // 

28 12 44-828. 
80 1 23-300. 

5861-8 feet. 


Station Observed. 

Station 

No. 

A^unnths. 

Log Lengths of lines 
in Enfflish Feet 

Onderfarook . 

n 

» f It 

26 66 88-92 

6-2486884 

Drakensberg . 


141 38 89-81 

6-2388681 

Salt Lake. 


186 49 49-78 

6-0866166 

Noma Hill . 


272 4 66-12 

6-1068799 

Jobskop. 


886 88 7-28 

6-1666800 


NOMA HILL. 

Station No. 56. 

Latitude . 

IjougxtucLe .. ... ... 

Height above M.S.L. 


o / // 

28 18 28-670. 
80 25 8-818. 

5152-1 feet. 


Station Observed. 

Station 

Na 

Azimuths. 

Log Lengths of Lines 
in En^idi feet 

Jobskop. 

64 

• / II 

27 17 18-69 

6-1614794 

Biggareberg . 


91 68 42-08 

6-1068799 

Drakensberg .. .. .. 

68 

120 82 26-80 

6-4846862 

Salt Lake. 

67 

184 19 41-67 

6-2069968 


BALT LAKE. 


StcKtion No. 57. 

Latitude . 

Longitude 

Height above M.S.L. 


0 111 
27 54 55-153. 

30 3 47-529. 
4616-3 feet. 


Station Observed. 

Station 

Na 

Azimuths. 

Log Lengths of Lines 
in English Feet 

Bigmrsberg . 

Drakensberg . 

66 

68 

0 1 II 

6 48 41-93 

102 26 6-47 

6-0866166 
6-0868619 

Inkwelo •• .. ■■ «• •• 

69 

162 20 86-11 

6-2109228 

Nthabankolu . 

60 

209 80 46-62 

6-2486896 

Noma Hill . 

56 

814 29 44-48 

6-2069968 
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FnrAii Rssni/cs— conbmued. 


DBAEENSBSBa. 

Station'^o. 58. 

Latitude . 

Longitude . 

Height above M.S.L. . 


o / // 

27 50 32-942. 
29 41 38-950. 
6682-1 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in Bn^ish Feet 

Hennitage . 

OemsboTOorg. 

181 

• 1 II 

106 17 12*91 

6*0714628 

182 

148 21 16*41 

5*2166728 

Inlcwelo. 

59 

200 86 17*99 

6*0988842 

Newoastiie. • . 

68a. 

248 89 15*61 

4*9126626 

Salt Lake. 

67 

282 86 27*72 

6*0868619 

Noma EjU . 

66 

300 62 62*42 

6*4346362 

Biggaxsberg . 

56 

821 47 66*33 

6*2338681 


NBWOASTLE. 

Station No. 58a. 

Latitude. 

Longitude. 

Height above M.S.L. 


all! 

27 45 37-444. 
29 55 46-798. 
3908-9 feet. 


Station Observed. | 

Station 

No. 

Asdmuths. 

Log Lengths of Lines 
in English Eeet 



0 f u 


Drakensberg . I 

68 

08 32 40-17 1 

4*9126625 

Inkwelo. 

69 

150 61 48-56 

4*9708680 




Station No. 59. 

Latitude. 

Longitude. 

Height above M.S.L. 


o / // 

27 81 8-938. 

29 49 49-684. 
6808-6 feet. 


Station Observed. 

Station 

Na 

Atimuths. 

Log Lengths of Isnes 
in English Feet. 

Drakensberg 


• . 

■ 

0 t n 

20 32 80-02 

6*0988842 

G^emsbokberg 

■ • * • 

. . 


99 89 16*42 

6*1214689 

Langberg 1 


■ • 

61 

208 32 0*04 

6*1288022 

Hlamimj^^si Berg,. 

. . .1 

• t 

62 

240 38 66*91 

5*3620723 

• • « • 

• ■ 

60 

266 28 54*04 

6*2124321 

^tLake .. 


• • 

57 

382 27 6*80 . 

5*2109223 

Newcastie 

• • • * 

• • 

68a 

839 64 84*28 

4*9703580 
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TfnjAT. Ebsukts— continued. 


NTHABANEDLU. 

Station No. 60. 

Xjflti/i^Txdo ... ... ... .*. 

Longitude. 

Height above M.S.L. 


o / // 

27 29 26-559. 
30 19 57-141. 
7463-1 feet. 


Station Observed. 

Station 

Na 

Azilxiiitihs. 

Log Lengths of Lines 
in English Feet 

Saltlake. 


0 > II 

2d 23 14-76 

6-2486896 

Xo^welo •• •• .« •• 


86 14 69-81 

6-2124821 

Langberg I . 


187 26 80-64 

6-1668012 

Hlamimpeed Berg. 

62 

199 68 44-77 

5-0396616 


LANQBEBa I. 

Station No. 61. 

^Latitude ... ... ... .< 

Longitude. 

Height above M.S.L. 


oil! 

27 11 38-049. 
30 1 41-266. 

6645-4 feet. 


Station Observed. 

Station 

Na 

Aisuniitbs. 

1 

Log Lengths of Lmos 
m En^ish Feet 

Inkwelo. 

50 

o / ti 

28 26 88-05 

6-1288022 

Blaauwkop . 

G4 

■ 137 6 51-69 

6-2308448 

Elandaberg Til. 

HlaTnimTOsi Berg.. . 

63 

178 68 48-69 

4-8614606 

62 

272 9 80-90 

6-1860706 

Ntbabanknlu . 

60 

817 84 68-88 

6-1668012 


HLAMIMPESl BERG. 

Station No. 62. 

Latitude. 

Longitude. 

Height above M.S.L. 


o / // 

27 12 26-697. 
30 26 51-737. 
7426-1 feet. 


Station Observed. 

Station 

No. 

Azamaths. 

Log Lengths of Lines 
in En^idi Feet. 

f^thabanknlu . 

60 

0 / It 

19 66 84-80 

6-0896616 

Inkwdo. 

59 

60 21 64-68 

6-8620728 

Langberg 1 . 

61 

91 68 0-46 

6-1860706 

Elandsb^ 111. 

Spitzkt^I.. 

68 

118 46 68-81 

6-1967664 

65 

166 9 64-88 

6-2860884 
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Final Rbsui/ts— continued. 


ELANDSBEBG lU. 

Station No. 63. 

Latitude. 

Longitude... 

Height above M.S.L. 


o / // 

26 59 54-700. 
80 1 27-291. 
6286-8 feet. 


Station Observed. 

Station 

No. 

Agnmntlifl- 

Log Lengths of Linua 
in Inglish Feet. 

filaanwkop . 

64 

0 f II 

115f 4 l10-98 

5-1018861 

Tafel Eop (E.). 

^tekopl.. .. 

fllamimpesi Ber^. 

66 

180 27 4-77 

5-2604988 

66 

62 

226;17i81-49 

298 67^27-88 

5- 1150617 

6- 1967664 

Langberg I . 

61 

858 68 65-06 

4-8514606 


BLAAXJWEOF, 

Station No. 64. 

Latitude . 

Longitude. 

Height above M.S.L. 


o / // 

26 51 3-152. 

29 40 24-821. 
5888-0 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Lug Lengths of Lines 
m Englidi Feet. 

Storkfontein . 

67 

o r u 

207 42 4-48 

5-8268088 

TadEel Kop (B). 

66 

222 9 17-04 

6-2888486 

Blandsb^UL . 

68 

295 18 42-88 

5-1018861 

Langberg i. . 

61 

817 16 81-87 

6-2808448 


BPITZEOF I. 


Station No. 65. 

Latitude . 

Longitude. 

Height above M.S.L. 


o / // 

26 45 1-724. 

30 18 46-535. 
5991-0 feet. 


Station Observed. 

Station 

Na 

1 

Azimiitlis. 

Log Lengths of Isnes 
ui Feet. 

Blandsberg . 

68 

« / II 

46 9 41-72 

6-1150617 

Xafel Eop (E) .. •• .. .. 

66 

184 89 49-29 

6-1164002 

Ylakfontein . 

68 

197 80 15-46 

6-2965161 

Blamimpesi Berg. 

62 

845 IS 84-60 

6-2860884 
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E^al Ebsui/ps— continued. 


TAFBL EOF (EBMELO). 

Station No. 66. 

Latitude .. 

Longitude. 

Height above M.S.L. . 


O / // 

26 29 50-495. 
80 t 48-085. 
6011-6 feet. 


Station Observed. 

Station 

No. 

Assimutba. 

Log Lengths of Lines 
m Ibaglish Feet 

Elondsberg m. .. 


• • 


0 ! II 

0 26 67-67 

6-2604988 

Blaanwkop 

• • • • 

• • 


41 69 42-98 

6-2888485 

Sterkfont^ 



67 

162 68 7-94 

4-7898449 

Baaties Bnlt 
Ylakfonteiu 

■ • a . 

• • a a 

• • 

69 

68 

205 11 66-27 

287 48 2-70 

5-1698987 

5-2660711 

Sfatzkop L 

• • a a 

• • 

66 

814 47 27-98 

6-1164092 


STEBEFONTEIN. 

Station No. 67. 

Latitude ... ... ... ... 

Xjongitude ... ... ... ... 

Height above M.S.L. 


O / // 

26 20 7-427. 
29 58 24-894. 
6001-5 feet. 


Station Observed. 

Station 

No. 

Azimiiths. 

Log Lengths of Lines 
in English Feet 

Blaauwkop . 

64 

0 1 II 

27 34 0-76 

6-3263083 

Wouderfonteiu. 

72 

171 68 44-06 

6-2896685 

Baatjes Bolt . 

Tafel Eop (B). 

69 

227 16 62-73 

6-0421119 

66 

342 69 3G-11 

4-7898440 


VLAEFOBTBIN. 

Station No. 68. 

Latitude ... ... . 

Longitude. . 

Height above M.S.L. . 


26 13 56-035. 
30 29 38-769. 
5858-6 feet. 
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EinaIi Rbsulo®— co7i4tnMec?. 


BAATJEB BULT. 

Station No. 69. , , „ 

Latitude ... ... ••• ••• 26 7 46'825. 

Longitude. 30 13 18‘042. 

Height above M.S.L. 6062-1 feet. 


Station Ob^rred. 

Station 

No. 

Azimuths. 

i 

Liog Lengths of Lmes 
in Englidi Feet. 

Tafel Eop (E). 

Sterkfontein . 

Wouderfuntein. 

Vcsrloren Vlei . 

Tafel Kop (D.K.). 

YlaMontem 

66 

67 

76 

71 

70 

68 

0 ,f II 

26 6,49*42 

47 10 20-16 
187720 68-24 

171 89 88-46 

280 7 64-41 

292 87'49-96 

6-1698937 

5- 0421119 

6- 2060608 
6-4686068 
6-8420965 
4-9879089 

TA7EL KOP (DUIVBL’S KANTOOR> 
StaHion No. 70. o / u 

Latitude ... ... .•« ••• 25 44 2. 

Lbn^tude ... ... ••• ••• 

Height above M.S.L. ... .*• 6128 4 ft 

7-252. 

3-175. 

)et. 

StatioD. Observed 

Station 

No. 

Azimuths* 

Log Lengths of Lines 
in En^iah Feet. 

Vlakfonteiii - .. 

Doaijos Bult 

Vcrloren Vlei 

Hoant Anderson . - 

68 

60 

71 

286 

a 1 II 

28 39 26-43 

49 64 27-48 

124 36 38-17 

173 28 25-88 

6-2901226 

6-8420965 

6-4098024 

6*8819180 

VBBLOBIBN VLBX. 

Station No. 71. o / / 

Latitude . 25 20 1 

Xiongitude ... ... ••• ••• 30 5 8 

Height above M.S.L. ... • • • 7454 2 i 

’/ 

6-729, 

3-465. 

ceet. 

Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in E^^ish Feet. 

Belfast. 

Langekloor . • • * • • 

Wonderfonteui . 

PanjJaats . 

(Iroot Riet Vlei . 

paardfi Kop I. 

Tbania Koosh • • • • • • * 

Mount Anderson . 

Tafel Kop (D.C.V • 

Hard’s Kop . • * • 

Baatjes Bolt . 

74 

76 

72 

78. 

79 

80 
287 
236 

70 

76 

69 

r» "n 

o / n 

6 7 8-41 

18 41 8-94 

21 26 81-11 

41 86 1-92 

66 61 17-18 

138 4 50-36 

176 18 28-45 

248 21 27-07 

804 63 6-81 

840 41 20-66 

851 42 68-01 

6-1418486 

6-0820246 

6-2607646 

6-2114008 

6-0899814 

6-1788898 

6-3491011 

6*8147888 

5- 4098024 
4-9651478 

6- 4686068 


(14181) 
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Final Ejdsolts— continued. 


WONDEBFONTSIN. 


Station No. 72. 



o / // 

Latitude . 

« • ■ 

• • • 

25 48 16*888. 

Longitude . 

• « • 

• • • 

29 58 24-373. 

Height above M.S.L. 

• • • 

... 

5883-2 feet. 


Station Observed. 

Station 

No. 

Azimiitihs. 

Logr Leoagths of Lines 
in En^idi Feet. 

Panplaats. 

78 

o / n 

189119 24-49 

4-8016807 

Vertoren Vlei. 

71 

20lf81 46-81 

6-2607646 

Baatjes Bnlt . 

69 

817 29 88-71 

6-2060608 

Ster^fontein . 

67 

861 66 66-18 

6-2896686 


PANPLAATB. 

Station No. 73. 

Latitude 

Longitude 

Height above M.S.L. 


o / // 

25 40 20-928. 
29 45 53-212. 
5766-0 feet. 


Station Observed. 

Station 

No. 

ATimuths. 

Log Lengths of Linos 
in FngMi Feet. 

BheDoster Eop I. 

81 

0 t II 

96 18 49-65 

6-4889901 

Oroot Biot Ylei •. . 

79 

176 8 24-60 

4-8664812 

Verloren Tlei. 

•71 

221 48 80-18 

6-2114003 

LangeMoof . 

76 

256 7 14-46 

4-8818846 

Bel&st .. .. . 

74 

279 61 56-67 

4-9768629 

Wonderfontein ., 

72 

819 22 40-42 

4-8016807 


BELFAST. 

8t<aion No. 74. 

Latitude ... . 

Longitude . 

Height above M.S.L. 


o / // 

25 48 0-468. 
80 2 52-130. 
6844-0 feet. 


Station Observed. 

1 

Station 

No. 

Azunuths. 

Log Lesigths of Lines 
in En^ish Feet 

Panplaats . 

H 

» t II 

99 44 33-90 

4-9768629 



182-16 89*62 

6-1284171 

LaDgekloof . 

76 ■ 

161 6 18-82 

4-6106656 

Yerlbren Ylei. 

71 

186 8 12-94 

5-1418488 

Morn’s Eop .. I. 

76 

221 61 4-17 

4-8817720 
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FinaIi Eesults — cordmmd. 


LANGEELOOF. 


Station No. 75. 



all! 

Latitude . 

• 9m 

9 9 m 

25 87 6*746. 

Longitude . 

• 99 

• 99 

29 59 16*687. 

Height above M.S.L. 

9 9 9 

• 99 

6841*6 feet. 


Station ObBerved. 

Station 

No. 

1*7 . 

Azimuths. 

Log Lengths of Lines 
in Ehglish Feet. 

Fanplaats.. 

n 

0 if< « 

76 I-26-71 

4*8818846 

Groot Rietneii. 


124720'14-14 

4*9786171 

VerlorenVleirr. 

71 

198748761*02 

6*0820246 

North end of Base . 

78 

218 22r 6*14 

4*7066424 

Mark’s Eop . 

76 

267r97!8*62 

4*8240628 

Sonth end of Base . 

77 

8063.7120 *88 

4*6268776 

Belfast. 

74 

881 6-47*14 

4*6106666 


Station No. 76. 
Latitude 


MARE’S KOP. 


Longitude ... 
Height above M.S.L. 


o / // 

25 34 89*862. 
30 11 6*757. 
6615*4 feet. 


Station Observed. 

Station 

Na 

Azimuths. 

Log Lengths of Lines 
in En^i^ Feet 

Belfast 



74 

0 1 II 

41 47 80*08 

4*8817720 

South end of Base 



77 

47 26 67*26 

4*7111696 

Langeldoof 

Nom end of Base 

■ • • • 


76 

77 8 66*78 

4*8240628 

• • « * 


78 

126 82 28*68 

4*6648261 

Yerloien Vlei 

. • « • 

• « 

71 

160 88 67*89 

4*9661478 


SOUTH END OF BELFAST BASE: 


Station No. 77. 

Latitude 

Longitude 

Height above M.S.L. 


o / // 

25 40 28*663. 
30 4 12*715. 
r 6391*4 feet. 
1.6399*9 „ * 


Station Observed. 

Station 

Na 

1 

Azimuths. 

1 

Log Lengths of Lines 
in En^ish Feet. 

Langeldoof . 

76 

0 1 li 

126 16 12*71 

4*6268776 

Noi-th end of Base . 

78 

180 44 17*87 

4*7044761 

Mard’s Kop . 

76 

227 29 66*82 

4*7111696 


* By Geodetic LeveHing. 


(14181) 2 B 2 
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Fikal Bbsiiub — contimted. 


NOBTH END OF BELFAST BASE: 


Station No. 78. 

Latitude . 

Longitude . 

Height above M.S.L. 


o / // 

25 30 8*625. 
30 4 21*474. 
6605*4 feet. 


Btatlon Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in En^idi Feet 

South end of Base . 


0 1 II 

0 44 18-69 

4-7944761 

Lang^looF . 

HH 

88 19 68-64 

4-7066424 

Mark’s Eop . 

■■ 

806 36 18-82 

4-6648261 


OBOOT RIET VLEI. 

Station No. 79. 

Ijatitude ... ... ... ... 

Longitude . . 

Height above M.S.L. . 


o / // 


25 28 14*282. 
29 44 59*209. 
5996*3 feet. 


Statiofn Observed. 

Station 

Na 

Azimuths. 

Lov Lengths of Lines 
in English Feet. 

Bhenoster Kop L. 

81 

o 1 It 

80 86 81-60 

6-4292616* 

Paarde Km L. 

Terloren Ylei. 

80 

181 16 27-16 


71 

247 0 6-68 


LangeMoof 

76 

304 26 23*89 

4-9786171 

Belfast. 

74 

812 23 28-01 

6-1284171 

Panplaats. 

78 

366 8 47-92 

4-8604312 


Station No. 80. 
Latitude 


PAABDE EOP I. 


Longitude . 

Height above M.S.L. 


o / // 

25 8 15*088. 
29 45 85*813. 
6220*8 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet. 

Oroot Biet Ylei. 

79 

0 1 II 

1 16 11-64 

6-1800781 

Bhenoster Kop I. 

81 

63 68 87-62 

6-6210221 

Qoaggafontein .. 

82 

109 4 16-16 

6-2690887 

Yerloren Ylei. 

71 

818 18 20-21 

6-1788898 






























Fikal Ejssults— oonU^wed. 


BHBNOSTEB EOF 1. 


Station No. 81. 

Latitude 
Longitude ... 
Height above M.S.L. 


a / // 

25 85 20*686. 
28 56 48*958. 
5582*1 feet. 


Station Observed. 

StatLoa 

No. 

AzinLiitiia. 

Log Lengths of Idiies 
m English Feet 

Gable nUl. 

84 

0 1 tl 

81 86 0*44 

6*4126418 

Zwonkloof . 

83 

186 81 80*78 

6*6070821 

Qoa^gafontein. 

82 

200 17 1*68 

6*4849272 

Faarde Kop 1. 

80 

234 19 81*60 

6*6210221 

Groot met Vlei .. 

79 

200 57 19*42 

6*4292516 

Faaplaata. 

78 

270 36 6*88 

6*4889901 


QtrAOaAFOMTBIN. 


Staton No. 82. 

Latitude . 

Longitude 

Height above M.S.L. 


o / w 

24 58 10*244. 
29 18 48*780. 
8788*8 feeb. 


Station Observed. 

Station 

Na 

Aziimitha- 

Log Lengths of Lines 
in En^ish Feet. 

Ehenoater Kop I. 

Zwartkloof . 

Paarde Eop I. 

81 

88 

80 

0 1 ir 

20 9 44*74 

91 10 46*78 

289 17 40*23 

6*4849272 

6*6477830 

6*2690887 

ZWABTELOOF. 

Station No. 88. o / / 

Latitude ... ... ••• ••• 24 51 4 

Longitude ... ... ... ••• 28 9 5 

Height above M.S.L. ... ... 4985*3 fl 

/ 

4*585. 

6*888. 

set. 

Station Observed. 

Station 

No. 

Aziianths. 

Log Lengths of Idnes 
in English Feet 

Boshofsberg ^ . 

Quaggafontein. 

Rhenoster Kop I. 

Cable .. 

86 

82 

81 

0 1 It 

90 69 8*76 

271 37 88*60 

316 61 27*10 

869 48 20*17 

- 

6*2460694 

6*6477880 

6*5670821 

6*4787269 

(14181) 2 B 3 



























FnrAti Riiaui/CB — cordimed. 


Station No. 84. 


CABLE HILL. 


// 


Latitude 


25 41 27-325. 


Longitude ... ... ... ... 28 10 8-050. 

Height above M.S.L. 4846-4 feet. 


Station Observed. 

Station 

No. 

Azimiithfl. 

Log Lengths of Lines 
in Euf^idi Peet^ 

Observatory Hill (Johaimesbtirg) 

Dtuspoort . . 

Nooitgedacht I. 

Boahofsberg . 

Zwartkloof .. 

Ehenoater Eop I. 

Eoedoes Poort. 

Mdnljes Eop. 

damp . 

Elappor Eop . 

Muckleneuk . 

96 

262 

86 

85 

88 

81 

256 

254 

256 

267 

258 

e t n 

9 88 84*55 

58 84 46*80 

78 80i60*66 

149 49'27*15 

179 48’16*41 

261 56,10*29 

298 68;26*43 

817 88 48*02 

818 68*56*05 

387 25r28*46 

388 88’57*68 

5*2592622 

4*4426029 

5*8897025 

5*5462847 

6*4787269 

5*4125418 

4*6261660 

4*8670815 

4*5806689 

4*5482646 

4*4686922 


BOSHOFSBEBG. 


Station No. 85. 

Latitude 
Longitude ... 
Height above M.S.L. 


o / // 

24 51 11-275. 
27 38 8-406. 

5370-4 feet. 


Station Observed. 

Station 

Na 

AzimnthB. 

Loe Lengths of Lines 
m English Feet 

Nooite^abht I. 

Filanwbei^ . 

Z-warthloof .. .. .. . • 

86 

0 t II 

5 20 59*46 

5*5664013 

87 

58 11 21*97 

6*8467686 

88 

271 12 26*03 

6*2450694 

Oable Hill.. 

84 

880 8 6*70 

5*5462847 


NOOITGEDACHT I. 

Station 1^0. 86. 

Xiatitude ... ... ... ... 

Longitude ... . 

Height above M.S.L. . 


o / // 

25 51,36-841. 
27 31 53-221. 
6076-9 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengtihs of Lines 
in English Feet 

Bluvoomitzicht. 

97 

0 1 It 

12 82 59*92 

6*8240576 

Tafel Eop. 

88 

88 17 89*87 

5*4268578 

FQandsbwg . 

87 

148 12 11*20 

5*4668280 ' 

Bodiofsberg . 

85 

185 28 40*15 

5*5654018 

Oable SSU.. 

84 

258 47 28*47 

6*8897026 

Observatorj Hill (Johannesburg) 

96 

808 24 8*98 

6*8310007 
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Final EHSxmcs— oonUmted. 


PZLANDSBEBG. 


Station No. 87. 

Latitude 
Longitude ... 
Height above M.S.L. 


o / // 

25 10 27-664. 
27 3 53-025. 
5521-0 feet. 


Station Observed. 

Station 

No. 

Azunnths. 

Log Lengths of Lines 
in Englidi Feet. 

Tafel Eop. 

88 

O t tl 

21 42 49<68 

6-4787062 

EaaJkop I.. 

89 

88 26 84-52 

6-2678.528 

Snzelb^g. 

91 

72 7 14-07 

6-4662622 

BoahofsMTpf . 

85 

2S8 25 61-07 

5-8467086 

Nooitgedaobt I. 

86 

828 24 16-01 

5-4668280 


TAPBL SOP. 


;StottonNo. 88. 

Latitude . 

Longitude ... 
Height above M.S.L. 


o / // 

25 56 37-134. 

26 43 32-789. 
5678-5 feet. 


Station Observed. 

Station 

No. 

Assiinuths. 

Log Lengths of Lines 
in En^ish Feet 

Onyerwaoht . 

90 

0 / ’ // 

122 21 60-04 

6-2668849 

Eaalkop I.. 

Pilandsberg . 

89 

178 86 11-27 

6-1296661 

87 

201 51 86-11 

5-4787062 

Nooitgedaoht I .. 

86 

268 88 46-89 

6-4268678 


EAALEOP I. 

/Station No. 89. 

Latitude . 

Longitude . 

Height above M,S.L. 


O t II 

25 34 22-419. 

26 42 56-907. 
4890*1 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in En^ish Feet 

OnverwBoht . 

90 

O t II 

76 89 80-81 

6-1946888 

Enzelberg. 

91 

108 47 68-19 

6-2867648 

Hlandsberg . 

87 

218 84 82-80 

6-2678628 

Tafel Eop. 

88 

858 86 26-86 

6-1296661 


(14181) 


2B 4 
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Fotal Eesults — continued. 


ONVIBWAOHT. 

>Sl{atwn.No. 90. 

Latitude .. 

Longitude.. 

Height above M.8.L. . 


o ! U 

25 40 17-606. 

26 15 12-156. 
5105-7 feet. 


Station Observed. 

Station 

No. 

A gsiTr^nthpL 

Log Lengths of Lines 
in English Feet 

tfitkopi. 

92 

0 f II 

67 18 27-88 

4-8910248 

Verg;enoeg 

98 

111 48 44-80 

4-9686848 

Enzelberff. 

91 

178 22 41-86 

4-0664788 

Eaalkop 1. 

Tafel Kop.. ., . 

89 

256 61 80-21 

6-1946888 

68 

802 84 10-41 

6-2668849 


Station No. 91. 


ENZELBEBO. 


Latitude 

Longitude 

Height above M.S.L. 


o / // 

25 25 8-839. 

26 13 16-001. 
4918-4 feet. 


Station Obneived. 

Station 

No. 

Azimutha 

Log Lengths of Lines 
in English Feet 

Witkop I. 

92 

0 1 II 

26 40 80-10 

6-1848224 

Yergenoeg .'. 

98 

62 67 82-66 

4-9771866 

Pilandsberg .. 

87 

262 28 61-88 

6-4662622 

Elaalkop I. 

89 

289 0 89-78 

6-2867643 

Onverwaoht . 

90 

853 23 81-94 

4-9664788 


WITKOP I. 


Station No. 92. 

Latitude . 

Longitude . 

Height above M.S.L. 


o / // 

25 45 14-846. 

26 2 7-057. 
4985-5 feet. 


Station Observed. 

Station 

Na 

Azimuths. 

Log Lengpths of Lines 
in English Feet 

Kalopos Oog .. .. 

224 

0 1 ti 

0 67 88-69 

4-6116870 

Qrootfontein . 

226 

40 0 20-65 

4-9878790 

South end of Base . 

96 

64 62 64-09 

4-4146860 

Elippan. 

227 

104 19 84-88 

4-8001619 

North end of Base . 

94 

188 42 44-22 

4-7500603 

Yetgenoeg . 

98 

167 22 2-49 

4-8209852 

Enwberg. 

91 

206 46 19-00 

5-1848224 

Onverwaoht . 

90 

247 24 8-00 

4-8910248 





































3QS 


FmAii BBSin/cs— continupd. 


VEBGfilTOBa. 


Station No. 98. 

Latitude 

Longitude 

Height above M.S.L. 


o y // 

25 84 84*851. 
25 59 28*922. 
4819*2 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Len^s of Lines 
in English Feet. 

Sonth end of Base 




96 

o r u 

4. 62 68*78 

4*9022196 

Elippaa .. 




227 

48 87 69-44 

4*8808715 

North end of Base 




94 

46 29 24-80 

4*6647996 

Bozelberg.. 




91 

288 8 28-69 

4*9771866 

Onverwaoht .. 




90 

291 65 82-71 

4*9080348 

Witkc^ I. 




92 

847 23 10-98 

4*8209862 


NORTH END OF OTTOSHOOP BASE. 


Station No. 94. 

Latitude 

Longitude . 

Height above M.S.L. 


0 y yy 

25 38 49*196. 

25 54 42*858. 
4689*9 feet. 


Station Observed. 

Station 

No. 

AzimuthSa 

Log Lengths of Lines 
in En^ish Feeib 

Yerffenoeg . 

VV1 uEOp I. a. a. a« a. 

! 

98 

0 f It 

226 81 28*02 

4*6647996 

92 

818 46 66*86 

4*7600608 

South end of Base . 

96 

840 18 26*88 

4-7678982 


SOUTH END OF OTTOSHOOP BABE. 


Station No. 95. 

Latitude . 

Longitude 

Height above M.S.L. 


o y yy 

25 47 42*812. 
25 58 14*590. 
4788*8 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in En^ish Feet 

North end of Base . 

94 

0 1 n 

100 11 58-49 

4*7578982 

Yergenoeg . 

Wi&op L. 

98 

184 63 26*96 

4*9022196 

92 

284 64 86-18 

4*4145860 
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Final Ebsums— corOimted. 


OBSEBVATORY HILL (JOHAHNESBUHa). 

Stctt^iojh 96a o t it 

Latitude . . 26 11 1*575. 


Longitude ... ... ... ... 28 4 36*899. 

TT • 1 . 1 Tir a T f 5930*0 feet. 

Hoight &)boY 6 M.iS.Li. ... ... "I 5930 '’^ * 


Stebtioa Observed. 

Stetiooa 

No. 

Azimutihs. 

Log Lengths of Lines 
in Bn^ish Feet 

Eliprivieirslierg. 

267 

0 r If 

0 60 16-02 

4-4960190 

Blijvooraitzidit. 

07 

68 28 67-67 

5-8826460 

Nooitgedacht L. 

86 

128 9 42-47 

6-8310007 

Driefontein . 

264 

162 47 81-86 

4-6966281 

Cable Hill. 

84 

189 36 59-89 

6-2692622 

Elipfontem . 

262 

214 89 22-79 

4-7606204 

Gfermiston. 

265 

271 88 49-12 

4-8691274 

P 6 Beacon . 

266 

807 62 20-62 

4-6468072 

Faarde Eop IL .. . 

98 

848 61 45-71 

6-1181162 


* B 7 Geodetic Levelling'. 


BLUVOOBUITZICHT. 

Station No. 97. o / ^ 

Latitude .' . 26 25 35*486. 

Longitude . 27 23 29*180, 

Height above M.S.L. . 5755*5 feet. 


Station Observed. 

Station 

No. 

1 

AziinnthB. 

Lo^ Lengths of Lines 
m English Feet 

Nooitgedaoht I. 

86 

o 1 If 

192 86 42-01 

6-3240576 

Observatory Hill (Jobannesbiirg) 

90 

248 42 11-26 

6-3826460 

Paarde Kop II. 

98 

278 26 69-87 

6-4207888 

Witkop IL . 

99 

847 60 8-20 

6-1481660 


PAABDE EOF H. 

Station No. 98. 

Latitude. 

Longitude. 

Height above M.S.L. . 


o I u 

26 81 50*188. 
28 11 18*531. 
6148*5 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of lines 
in English Feet 

Elandskml 

100 

0 I rr 

12 81 10-67 

6-8908690 

Witkop II. 

99 

66 60 2-98 

6-8996787 

Blijvooruitzlcht. 

97 

98 4 40-62 

6-4207888 

Observatory]Hill (Johannesburg) 

96 

163 48 47-41 

6-1181162 
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fTiNAL Rbstilts — continued. 


WITKOP n. 

Station No. 99. ^ ^ 

Latitude. 26 48 1*584. 

Longitude. ’. 27 28 52*548. 

Height above M.S.L. ... ... 5534*6 feet. 


8..toOb=,md. ^ 


o I n 

Tliegenkraal .101 26 21 69-02 6*1201440 

Blijvooruitaoht. 97 167 47 88-84 6-1481660 

PaardeKopII. 98 247 9 6-68 6-8995787 



808 62 29-48 


6-8667242 


XLANDSEOP I. 

Station No. 100. „ z 

Latitude. 27 11 27*791. 

Longitude. 28 1 28*186. 

Height above M.S.L. 5374*2 feet. 


Station Observed. 


Azimuths. LopLKQ^of^ea 
No. ^>.<.uuuuiw. English Feet. 


gpit^op II 
Vuegenkraal 
Witkop 11.. 
Paarde Kop II 



8 84 88-91 
95 87 68-19 
128 87 41-78 


192 86 87-42 


4*9221610 

6*8786628 

5*3667242 

6*8908590 


VLIEaSNEBAAL. 

Station No. 101. ^ y yy 

Latitude. ... ... 27 7 31*281. 

Longitude. 27 18 4*416. 

Height above M.S.L. 5036*4 feet. 


8Moa01»er™<L 


o f ti 

Ehenoster Eop II . 105 19 16 8*82 6*0686628 

Witkop II. 99 206 26 62-89 6-120144Q 

lloadskopl .. .. .. 100 276 67 46-67 5-8786628 

Stdtzkopll . 102 295 11 67-07 6-4040886 

iMbenberg Stroom . 108 821 11 68*69 6-8672248 

Doomkcp. 104 868 28 20*56 6*2648820 
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Final Ebsults— oontirmed. 


SPITZEOP II. 

Station No. 102. 

Latitude ... 

Longitude... ..." 

Height above M. S. L. 


O / // 

27 25 13-977. 

28 0 30-259. 
5583-5 feet. 


Station Observed. 

Station 

No. 

Azimntbs. 

Log Lengths of Lines 
in Engiyi Feet 

liebenberg Stroom . 

103 

0 f fr 

48 17 0-21 

6-0468468 

Vliegenkraal . 

101 

114 52 80-48 

6-4040885 

Eland^op I . 

100 

188 86 5-47 

4-9221610 

Elaudi^op 11 . 

111 

886 80 20-87 

4-9607809 


LIEBENBEBQ STBOOM. 


Station No. 103. 

Latitude ... 
Longitude... 

Height above M.S.L. 


O i u 

27 37 26-309. 
27 45 7-005. 

5868-7 feet. 


Station Observed. 

Station 

No. 

AKimuths. 

Log Lengths of Lines 
in Bngli^ Feet. 

Kietfontein . 

110 

O 1 If 

28 28 2-10 

6-0768212 

Doomkop. 


89 12 9-92 

6-0970786 

yiiegeabniAl . 

Spitekop II . 

Elanddrop II . 


140 69 27-60 

6-3672248 

■^1 

228 24 6-88 

6-0468463 

111 

274 41 82-19 

6-0788884 

EafSr Kop . 

112 

887 17 18-27 

6-2807061 


DOORNEOF. 

Station No. 104. 

Latitude . 

Longitude ... . 

Height above M.S.L. 


o y // 

27 37 41-604. 
27 21 56-964. 
4848-5 feet. 


Station ObseiTed. 

Station 

No. 

Azimuths. 

Log Len^bs of Lines 
in English Feet 

Bosdhrand. 

m 

o 1 n 

66 21 81-94 

4-8666698 

East end of Base. 


92 81 40-41 

4-6716219 

West end of Base ^ . 

108 

97 49 28-51 

6-0478914 

Blienoster Kop II '. 

105 

141 61 0-99 

4-9778118 

V'liegenkraal #. 

101 

178 26 88-62 

6-2648820 

Lietenberg Stroom . 

108 

269 22 64-49 

6-0970786 

Kietfontein . 

110 

824 21 82-09 

6-1281960 
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f^AL EjBismiTB— oontimied. 


BHENOSTEB EOF U. 

Station No. 105. 

Latitude . 

Longitude ... 

Height above M.S.L. . 


o y // 

27 25 21*222. 
27 11 5*654. 
4930*7 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Loff Lengths of Lines 
m English Feet 

Boschmnd.. 


a • 

106 

0 / 1/ 

1 20 27-28 

5-0625609 

Braunzijn Eop .. 


a $ 

107 

27 80 42-88 

6-2442978 

West end of Baeo 


• ft 

108 

41 11 1-18 

4-8976630 

Nodtverwaoht .. 


ft • 

176 

81 21 26-28 

6-2818160 

Bovenlands Plaats 


ft ft 

285 

114 88 56-78 

5-0817729 

Yliegenkraal 


• • 

101 

199 18 15-72 

6-0686628 

Doonikop .. .. 


• ft 

104 

821 56 1-99 

4-9778113 

East end of Base.. 



109 

850 51 21-90 

4-8669088 


BOSCHBAND. 

Station No. 106. 

Latitude . 

Longitude ... 

Height above M.S.L. 


o / yy 
27 44 24*602. 

27 10 35*577. 
4752*1 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet. 

Braunsdjn Kop .« • • «• 

107 

0 1 II 

62 50 55-46 

4-9448658 

West end of Base 

108 

188 88 65-25 

4-8728959 

Rhonoster Eop II . 

105 

181 20 41-20 

6-0626609 

East end of Base. 

109 

198 86 (i-87 

4'6646641 

DoornkoD • ■ • • «• • • • • 

104 

236 26 48-61 

4-8666598 

Bietfontein . 

110 

295 66 45-61 

6-1876146 


BBAUNZIJN EOF. 

Station No. 107. 

Latitude 

Longitude ... . 

Height above M.S..L. . 


o y yy 

27 51 1*844. 
26 56 2*531. 
4815*3 feet. 


Station Observed. 

station 

No. 

Azimuths. 

Log Lengths of Lines 
in E^ish Feet. 

Theron’s Kop. 

Zootvlei •• •• -- ** 

Nooitverwaoht. 

West end of Base 

Rhenoster Kop 11 . 

East end of Base • • 

.. 

174 

176 

176 

108 

106 

109 

106 

O 1 If 

16 18 60-97 

90 64 43-27 

139 45 20-40 

196 55 28-99 

207 87 41-26 

228 18 8-08 

242 67 42-68 

5*2470696 

6-2674006 

5-2216441 

5- 0022040 

6- 2442978 
6-0950772 
4-9448658 
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rnTjjJi Ebsxjlts — continued. 


WSST END OF EBOONSTAD BASE. 


Station No. 108. 

Latitude . 

Longitude . 

Height above M.S.L. 


o / // 

27 35 9-560. 
27 1 27-664. 
4692-2 feet. 


Station Obaerved, 

station 

No. 

Azunuthfl. 

Log Lengths of Lines 
in Engli^ Feet. 

Brannzijn Eop .. 

n 

o r /r 

16 62 62-76 

5-0022040 

Bhenoster Eop II . 


221 16 28-06 

4-8976680 

Dooinhop. 

■ifl 

277 68 68-18 

5-0478914 

East end of Base .. . 

109 

281 48 4-88 

4-8188612 

BoBohrand. 

106 

818 48 9-64 

4-8728969 


EAST END OF EBOONSTAD BASE. 

Station No. 109. o / // 

Latitude . 27 37 20-881. 

Longitude ... . 27 13 15-684. 

Height above M.S.L. .'f 4684-4 * 


Station Observed. 

Station 

Na 

Azimutbs. 

Log Len^hs of Lines 
in En^yi Feet. 

Boachrand . 

106 

0 1 tf 

18 84 62-00 

4-664GG41 

Brannzijn Eop • • . 

West end of Base 

107 

48 10 2-24 

6-0960772 

108 

101 42 86-26 

4-8133512 

Bihenoster Eop IL . 

106 

170 60 21-82 

4-86G9088 

Doomkop.. .. . 

104 

272 86 42-18 

4-6716219 


* By G«odetio Levelling. 


BIETFONTEIN. 

Station No. 110. o j /, 

Latitude ... ... . 27 55 29-550. 

Longitude . 27 36 19-577. 

Height above M.S.L. . 5248-1 feet. 


Station Obseired. 

Station 

Na 

Azininths. 

Log Lengths of Lines 
in Nn^sh Feet. 

Mijnbardifa Rust.. 

• • • • 


n 

o t n 

87 18 10-56 

4-9019086 

Bosdhrand. • 

• • • • 

,, 


115 44 44-72 

6-1876146 

Doornkop *. 

• • * » 

t , 

104 

144 14 60-08 

6-1281960 

Liebenb^ Stroom 


•. 

108 

208 27 7-88 

6-0768212 

Eaffir Eop 

ft ■ ■ • 

•• 

112 

298 64 88-89 

6-1408090 































399 


Edtal Results— continued . 


ELANDSEOP U. 

Staton No. 111. 

Latitude . 

Longitude . 

Height above M.S.L. . 


o y // 

27 39 1-564. 

28 7 14-289. 
5785-4 feet. 


Station Observed. 

Station 

No. 

Azunuths. 

Log Lengths of Lmes 
in SSngli^ Feet. 

E^affir Kop 



112 

o t It 

16 lli26-48 

6-2866869 

Liebenberg Stroom 

■ • • • 


108 

94 31.16-61 

6-0783884 

Spteikop u. 
Vierfontein 

• • % • 


102 

166.27518-69 

4-9697309 

• B mm 


178 

276 68^40-08 

6-1704614 

Langberg n. 

mm mm 


177 

880 4 86-80 

6-8896107 


KAT71B EOF 

SkcUon No. 112. 

Latitude 

Loixgitude . 

Height above M.S.L. 


a ! u 

28 6 28-979. 
27 58 49-816. 
5980-0 feet. 


Station Observed. 

station 

No. 

Azimiitbs. 

Log Lengths of Lines 
in liiuj^iHk Feoti 

MijnbBTdtis Rust. 

113 

0 / // 

90 66 26-07 

6-2284274 

Rietfontein . 

110 

118 44 4-16 

6-1408090 

Liebenberg Stroom . 

103 

167 10 68-69 

6-2807061 

Elandskop IE. 

111 

196 16 21-88 

6-2366869 

Langberg IT. 

177 

286 28 28-68 

6-2899686 

Zwartkr^ . 

114 

866 60 16-66 

6-1666116 


MIJNHABOT’S BUST. 

Station No. 113. 

l y a titude ... ... ... ... 

Longitude . 

Height above M.S.L. . 


0 / yy 

28 5 58-857. 
27 27 20-754. 
5186-3 feet. 


Station Observed. 

Station 

Na 

Azimuths. 

Log Leneths of Lines 
in English Feet 

Bhebokherg . 

115 

0 t II 

1 1 11-41 

5-4891470 

Bietfont^ . 

110 

217 17 28-63 

4-9019080 

Kaffir Kop . 

112 

271 10 14-96 

6-2284274 

Zwartkra^ . 

114 

809 64 83-49 

6-8684918 
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Final Rbsitlts— continued. 


ZWARTEBANS. 


Station No. 114. 

Latitude 

Longitude . 

Height above M.S.L. 


o / // 

28 80 38-298. 
28 0 49-210. 
7G90-1 feet. 


Station Observed. 

Station 

No. 

\ziiuutliH. 

Lo^ Leufi^iH of Lines 
in Illnglisli Feet. 

Maohadhe.. 


0 t II 

G 66 60*00. 

6*4920063 

BhelMklseTg . 


55 88 51*06 

6*8478061 

Mijnhardt^s Bust. 

118 

129 88 41*18 

6*8684918 

Emc Slop . 

112 

175 49 19*08 

6*1666116 


BHEBOEBERQ. 

Station No. 115. 

Latitude . 

Longitude 

Height above M.8..L. . 


o / // 

28 51 19-610. 
27 26 25-739. 
6176-4 feet. 


Station Observed, 

station 

No. 

Azimuths. 

Loff Lengtiis of Lines 
m Bnglisli Keet, 

Mabula. 

117 

• / II 

17 83 28*05 

6*2663174 

Mijnhardt’s Bust. 

118 

181 1 87*64 

6*4391470 

Zwaartkrans . 

114 

236 60 21*45 

6*3478061 

Maohaohe. 

116 

821 86 26*08 

5*8684280 


MAOHAOHE. 

Station No. 116. 

Latitude . . 

Lonii^tude ... . 

Height above M.S.L. 


o / // 

29 21 29-277. 
27 58 44-895. 
9471-4 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lenrths of Lines 
in Inglish Feet. 

Thaba Tsueu . 

119 

0 / It 

42 2 40*48 

6*8872192 

Mabula. 

117 

91 64 1*49 

6*8026819 

Bhebokberg . 

116 

141 28 8*72 

6*8684280 

Z\rartkniins . 

114 

187 0 16*29 

6*4920068 

Thaba Fntana. 

118 

866 86 6*81 

5*1817672 
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Final 'Smvvs&—condnued. 


MABULA. 

Station No. 117. 

Latitude . 

Longitude 

Height above M.S.L. 


o / // 

29 20 18-015. 
27 15 57-970. 
6688-5 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log liongths of Lines 
in English Feeti 

Aas70gel Berg. 


0 > n 

10 66 87*66 

6*6496886 

Jammereberg . 


29 68 17*19 

6*1864289 

Ehebokberg . 


197 88 28*88 

6*2668174 

Madhaohe.. . 


272 12 82*66 

6*8026819 

Thaba Putsua. 

118 

304 81 6*88 

6*4019779 

Thaba Tsneu . 

119 

842 10 10*49 

6*2476742 


THABA PUTSUA. 

Station No. 118. 


0 / // 

Latitude ... ... 


.. 29 48 47-785. 

Longitude . 

fl • « • 

.. 27 55 15-954. 

Height above M.S.L. 

a • ■ ■ 

,.. 10157-5 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet. 

Nthodimonate 

« fl • > 

• • 

■■ 

o t II 

10 67 27*20 

6*4606406 

Aasvogel Berg .. 
Thaba Tsneu .. 

« • • • 

a a 


62 68 66*72 

6*6866614 


t • 


80 17 66*63 

6*1926644 

Mabnla 



117 

124 11 48*01 

6*4019779 

Madhaohe « • 

• 1 . • 

•• 

116 

176 86 20*91 

6*1817672 


THABA TBUBU. 

Station No. 119. 

Latitude . 

Longitude . 

Height above M.S.L. 


0 ! n 

29 48 4-545. 

27 26 12-650. 
7590-0 feet. 


Station Observed. 

Station 

No. 

Azimutba 

Lo^ Lengths of lines 
m English Feeit 

Gtobo Qobo . 

124 

e 1 II 

68 28 86*68 

6*1208626 

Dikhoele. 

121 

66 12 61*81 

4*7709160 

Jammersberg 

120 

106 7 67*86 

6*1812088 

Mabnla. 

117 

162 6 7*16 

6*2476742 

Machache.. . 

116 

222 16 16*09 

6*8872190 

Thaba Futsna. 

118 

260 82 21*10 

6*1926644 


2 C 


(14181) 
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Final Eesulg?s— continued. 


JAMMEBSBBBG. 

Station No. 120. 

... ... ... .. 

Longitude 

Height above M.S.L. . 


o / // 

29 42 12-659. 
27 1 32-066. 
5693-7 feet. 


Station Observed. 

Station 

Na 

Azimuths. 

Log Lengths of Linos 
in Sbiglish Feet 

Eoesberg. 

126 

0 1 II 

5 67 2C'47 

6-3145299 

North End of Base . 

122 

GO 28 64-98 

4-2824640 

Lemoenfoutein .. 

125 

90 6 23-96 

6-2984993 

Mabnla.. 

117 

210 0 23-86 

5-1864239 

Thaba Tsueu . 


286 20 12-G1 

6-1812083 

Dikhoele .. . «» 

121 

308 9 4-93 

4-9B96939 

Qobo Qobo . 

124 

360 21 3-21 

6-0247167 

South End of Base ' . 

128 

866 48 4-72 

4-88444-28 

Aasvogel Berg.. 

127 

867 42 24-67 

6-333209G 


DIEHOELE. 

Station No. 121. 

Latitude ... . 

Longitude ... . 

Height above M.S.L. 


o / // 

29 52 9-041. 
27 16 4-219. 
6926-7 feet. 


Station Observed. 

• 

Station 

No. 

Azimuths. 

Lo^ Lengths of Linos 
111 English Feet 

Gobo Gobo . 

■m 

e > II 

68 10 5-26 

4-8672366 

South end of Base 


77 7 47-81 

4-8632172 

North end of Base . 


119 24 19-86 

6-0225740 

Jammersberg . 

HEIH 

128 1 61-67 

4-9896939 

Thaba Tsueu. 

119 

246 17 64-61 

4-7709160 


NORTH END OF WEFENEB BASE. 


Station No. 122. 

Latitude 
Longitude ... 
Height above M.S.L. 


• • ■ 


o / // 


29 43 35-929. 
26 58 43-517. 
4802-7 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Leugtba of Lines 
in Euglisli Feet. 

alammersbcrg 

120 

• / II 

240 80 18-68 

4-2824640 

Dikhoele .. .. . 

121 

299 82 66-68 

6-0225740 

Gobo Gobo . 

124 

841 16 14-08 

6-0057606 

South end of Base 

128 

848 16 18-17 

4-8614627 
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Pinal Hbsttlts— contmued . 


SOUTH END 

StcUion No. 128. 

Latitude . 

Longitude . 

Height above M.a.L. 


OF WEFBNHIt BASE. 

O / // ■ 

. 29 54 49-277. 

... ... 27 2 35*819. 

• .. ... 5251'6 feet. 


Station Obaerred. 

Station 

No. 

Azimuths. 

1 

i 

Lo^ Leugths of lanes 
in Einglish Feet 

North ond of Base 

• • 

• m 

• ■ 

122 

0 1 II 

168 14 22’65 

4-8614627 

Jammersberg 

• • 

• 

• • 

120 

175 47 88-02 

4-8B44428 

Bikhoele .. 

■ • 


, . 

121 

1 257 14 80-18 

4-8682172 

• 

m 

o 

1 

o 

Si 

o 

• * 

« * 

* • 

124 

386 80 86-55 

4-4885590 


OOBO QOBO. 

Station No. 124. 

Latitude . 

Longitude . 

Height above M.S.L. 


o / // 

29 59 25-686. 
27 4 53-817. 
5874-0 feet. 


station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet 

Koesberg. 

126 

0 1 tt 

21 11 88-12 

5-0841840 

Lomoenfontein. 

125 

115 46 89-65 

6-8812454 

South end of Base . 

128 

156 29 27-65 

4-4885590 

North end of Base . 

122 

161 12 9-67 

5-0057605 

Jammenberg. 

120 

170 19 22-80 

6-0247167 

Bikhoele. 

121 

288 16 89-74 

4-8672866 

Thaba Tsneu . 

119 

288 89 14-08 

6-1208626 

Aasvogel Berg. 

127 

886 58 5-72 

5-0462064 


LEMOENFONTEIN. 


Station No. 125. 



0 / y/ 

Latitude 

• « • 

■ ft t 

29 42 3-665. 

Longitude 

• ■ • 

• ft • 

26 23 57-612. 

Height above M.S.L. 

« • • 

ft ft ft 

5902*1 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

liOg Lengths of Lines 
in English Feet 

Be Put. 

Lokshoek. 

JntniDersberg •• •• •• •• 

Gk)bo Qobo . 

Coesberg. 

142 

189 

120 

124 

126 

« » II 

87 6 26-08 

98 68 56-69 

270 25 1-02 

296 7 2-08 

819 80 52-94 

1 

5- 8821056 

6- 4187490 

5- 2984998 

6- 8812454 
6-4888441 


(14181) 2 0 2 
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FdtaIi Ehstjlts — cmUnued. 


EOESBEBG. 

Station No. 126. 

Latitude . 

Longitude ... . 

Height above M.S.L. 


o / // 

30 16 8-877. 
26 57 27-903. 
6818-6 feet. 


Station Observed. 

Station 

No. 

Azimuthe, 

Log Lengths of Lines 
in En^ish Feet. 

De Put. 

142 

0 / II 

96 16 80*67 

6*4888740 

LemoeDfoQtein. 

126 

189 14 8*26 

6*4338441 

Jammersberg' . 

120 

186 69 28*60 

5*3146299 

Gobo Gobo . 

124 

201 16 16*96 

5*0341840 

AasYogel Berg. 

127 

288 28 2*86 

4*5004878 


AABVOOBL BBBG. 


Station No. 127 

Latitude ... . < 

Longitude ... 
Height above M.S.L. 


Q i it 

80 17 48-006. 
27 3 10‘358. 
7250-9 feet. 


Station Observed. 

station 

Na 

Azimuths. 

Log Lougths of Linos 
in Bn^iuh Feet. 

Koesberg. 

Jammersberg. 


0 f // 

108 25 10*18 

4*6004878 


177 41 86*48 

6*8882090 

Gobo Gobo . 

124 

184 41 81*84 

6*0462054 

Mabola. 

117 

191 2 69*26 

5*5496335 

Thaba Futsua. 

118 

238 24 59*16 

6*68.55614 

iNtbodimoiiate. 


288 10 7*74 

5*3643098 

Helvelyn. 


834 46 7*17 

5*2146866 


NTHODIMONATE. 


Station No. 128. 


o / 

// 

Latitude 

» • • • ■ 

... 80 29 80-438. 

Longitude ... 

• ■ . • . 

... 27 45 

2-806. 

Height above M.S.L. 


8831'6 feet. 

Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet 

Helvelyn. 

Aasvbgd Berg. 

Thaba l^itsua. 

Bendearg. 

■ 

■■ 

» f ;> 

62 48 20*71 

107 48 66*69 

191 2 84*81 

842 17 46*77 

6*2267740 

6*8648098 

6*4606405 

5*8782667 
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Ftnal BbsitIjIS— contiwued. 


HBIiVXLYN. 


Station No. 129. 

Latitude 

Longitude 

. Height above M.S.L. 


O / // 

30 42 10-226. 
27 16 80-762. 
8155-8 feet. 


Station Observed. 

Station 

No. 

Atimaths. 

Log Lengths of Lines 
m En^idi Feet 

Aasvoml Berg. 

Nthodu&onate. 

127 

0 f tt 

154 39 20'96 

5-2146856 

128 

242 57 52-15 

5-2267740 

Bondearg. 

180 

304 0 12-70 

6-4251836 

Waachbaak Peak. 

181 

. 344 88 81-80 

6-8199680 


• BENDEARO. 

Station No. 180. 

Latitude . 

Xjougitude ... ... ... 

Height above M.S.L. 


o / // 

81 6 36-715. 
27 58 48-906. 
9084-7 feet. 


Station Observed. ' 

station 

Na 

Aziinxiths. 

Log Lengths of Lines 
in ISngush Feet. 

Wasobbank Peak. 

BLelvelyn •• •» •• 

Nibodimonate. 

.' 

181 

129 

128 

10 

0 1 II 

71 69 38-68 

128 88 28*99 

162 10 48-76 

855 67 62-65 

6-2892928 

5-4251886 

5-8782657 

4-8860795 


WASOHBANE PEAK. 


Station No. 181. 

Latitude . 

Longitude 

Height above M.S.L. 


o / // 

31 15 28-652. 
27 27 8-144. 
8428-2 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in Eo^ish Feec. 

[__ 

Helvelyn. 

Bendearg. 

Xuka 

Lubisi 

129 

130 

10 

8 

0 1 II 

164 88 3-21 

252 15 67-86 

276 14 23-48 

856 2 51-26 

5*8199680 

6*2892928 

5-2816311 

5-2767092 


(14181) 
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Final Results— oonlimied. 


ELAEDSBEBO II. 


Station No. 132, 


0 / // 

Latitude 

a • • a a a 

29 51 19*584. 

Longitude . 

• a • a a a 

28 50 39*680. 

Height above M.S.L. 

a a a a a a 

4393*1 feet. 


Station Obsorved. 

Btatiou 

NOa 

AzimuthB. 

Log Lengths of Lines 
in English Feet. 

Joonienbeig . 

H 

0 > /; 

174 45 86-82 

4-8608848 

Loskop. 


204 58 47-17 

5-1710638 

Orange Elver. 


242 33 17-85 

5*1757180 

Beater's Eop . 

m 

297 11 26-17 

6-1675877 


BBBTEB’S EOF. 

Station No. 183. 

Latitude. 

Longitude. 

Height above M.S.L. 


o / // 

SO 2 22-G07’. 
24 15 28*137. 
4784*7 feet. 


Station Observetl. | 

Station 

No. 

AzimuUis. 

Log Lengths of Linos 
in En^lsh Feet. 

Klandsber^ 11. 

182 

0 f If 

116 50 8-12 

6-167.5877 

Orange River. 

184 

180 42 16-86 

5-1346118 

Wonderklo(rf 

185 

267 21 6-72 

5-1428666 


OBANQK BIVEE. 

Station No. 184. 

Latitude. 

Longitude. 

Height above M.S.L. 


0 / // 

29 89 58*898. 
24 15 47*131. 
8893*1 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet. 

Bester’a Eop . 

■ 

0 r n 

0 42 6-40 

6*1846118 

Elandsberg il. 


62 20 49-10 

6-1757180 

Loakop. 

148 

182 89 28-48 

4-9824066 

Eokmond. 

146 

161 88 28-61 

6-0887166 

Eolakop. 

147 

201 2 24-74 

6-2191770 

Boschjea Pan . 

186 

256 86 24-68 

6-0128819 

Wonderkloof . 

186 

818 28 81-29 

6-2769088 
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Final BiEsults— continued. 


V70NDEREL00F. 

Skition No. 135. 

Latitude. 

Longitude. 

Height above M.S.L. 


o / // 

30 1 16-497. 

24 41 45-135. 
4838-9 feet. 


Station Obsei'ved. 

Station 

No. 

Azimuths. 

Log Leii^ba of Lines 
in Feet. 

BeHtor’H Kop 



183 ! 

o f it 

87 7 56-60 

5-1428666 

Oi’anffo fiiver 



134 1 

188 15 35-98 

5*2759088 

BomshjeB Pan 


•, 

186 

166 19 47-15 

5-2088878 

X’latkop .. 



137 

218 2 89-79 

5-2848580 

Liiiperti Band 


• • 

140 

268 12 46-74 

5-2046728 


BOSCHJES FAN. 

Station No. 136. 

Latitude. 

Longitude. 

Height above M.S.L. 


o / // 

29 35 38-287. 
24 34 37*139. 
4496-0 feet. 


Slntiou Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet 

Oiun^ Biver . 

H 

0 1 II 

76 26 6-01 

6-0128819 

Platkop. 


271 26 49-01 

5-1943638 

Wonderkloof . 

186 

846 28 19-90 

5-2088878 


FLATEOP. 

Station No. 137. 

Latitude. 

Longitude. 

Height above M.S.L. ... 


o / // 

29 36 14-111. 
25 4 8-677. 
4834-8 feet. 


Station Observed. 

Station 

No. 

AzimuthSi 

Log Lengths of Ijines 
in English Feeta 

Wonderkloof . 

Bosch jes Fan . 

.. 

Fauresmith Hill.- 

Luipers Rand . 

n 

0 f 

87 61 81-82 

91 12 14-00 

276 60 11-68 

800 82 8-70 

841 59 24-08 

6-2843580 

5-1948688 

5-2169687 

5-0004924 

5-0968522 


(14181) 2 0 4 
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Final Ebstots— c(m«tn«ed. 


FAURKSMITH HILL. 

Station No. 188. 

Latitude. 

Longitude. 

Height above M.SX. 


oil! 

29 44 86*650. 
26 20 26*762. 
5152*1 feet. 


Station Obserred. 

Station 

Na 

Azimuth& 

Log Lengtiba of Lines 
in En^h Feet 

Luipers EUnd . 


0 t n 

84 86 61*71 

4-9186819 

Platkop. 


120 24 4-49 

6-0004924 

Lokdioek. 


246 10 19-46 

4-928770.8 

Drie Baden . 

Ill 

846 27 40-89 

6-0760446 


LOESHOBK. 

Stat^m, No. 189. 

Latitude . 

Longitude . 

Height above M. S.L. 


o / // 

29 88 56*404. 
25 85 6*586. 
5010*1 feet. 


Station Observed. 

Station 

No. 

' Azimuths. 

Lo^ IjengrtliB of Lmes 
m English Feet 

Drie Baden . 

n 

0 1 II 

18 10 0-91 

6-1996247 

Fauiesmitb Hill. 


66 8 8-69 

4-9287708 

Flaticop. 

■UTS 

96 84 68-18 

6-2169687 

Lemoenfonteia .. . 


274 28 7-79 

6*4187490 

De Pnt. 

142 

826 7 88-81 

8-8601767 


LUitVBS RAND. 

Nation No. 140. 

Latitude . 

Longitude . 

Height above M.S.L. . 


o / // 

29 56 49*187. 
25 11 27*806. 
5404*5 feet. 


Station Observed. 

Station 

Na 

Aziaiuths. 

Log Lengths of Lines 
in English Feet 

■Wonderkloof . 

Platkop. 

laiirenmiihHiU. 

Drie Baden .] 

186 

187 

188 

141 

0 1 II 

77 67 66-80 

161 66 46-81 

216 0 20-11 

802 86 6-96 

6-2046728 

6*0968622 

4-9186819 

4-9616784 
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FisrAii Ebsui/cs — contimied. 


DBIE BADEN. 

/Siaitwi No. 141. 

Latitude . 

Longitude . 

Height above M.S.L. 


o / // • 

30 3 45-497. 
25 25 44-781. 
5788-6 feet. 


Station Obeerved. 

Station 

Na 

Azimiitiis. 

Log Lengths of Lines 
m English Feet. 

liTiipers Hand . 

140 

0 ! n 

122 28 68-26 

4-9615784 

Faureemith Hill ,. 

188 

16G 26 2-84 

6-0769445 

Lohaboek.. 

189 

198 14 40-69 

6-1996247 

De Put 

142 

282 46 1-60 

6-2689480 


■ DE PUT. 

Station No. 142. 

Latitude . 

fjou^^itudie ... ... ... 

Height above M.S.L. 


o / // 

30 10 17-791. 
25 59 21-707. 
5464-0 feet. 


Station Observed, 

Station 

No. 

Aziinuths. 

Log Lengths of Lanes 
m English Feet. 

Drie Baden . 

141 

0 t H 

102 28 9-66 

6-2689480 

Loksibo^. . 

189 

146 66 27-71 

6-8601767 

Lemoenfoutein. 

125 

217 17 42-61 

6-8821066 

Eoesberg .. . . .. . . .. 

126 

276 46 61-26 

6-4888740 


LOSEOP 1. 


Station No. 143. 


0 y 

// 

Latitude 

. > • . . 

... 29 29 

8-5G0. 

Longitude 


... 24 2 28-096. 

Height above M.S.L. 

■ • 

... 3995-3 feet. 

■ / 

Station Observed. 

Station 

No. 

Azimuths* 

Log Lengths of Lines 
in English Feet* 


mm 

0 r n 


Elandsberg U . 


24 62 66-49 

6-1710688 

JooBtenbwg . 

B9 

48 46 7-22 

4-9648669 

Leeuwberg . 


169 38 88-08 

6-046825K 

Eokmond . 


228 6 62-87 

4-7229482 

Oi'ange River . 

H 

812 46 67-86 

. 4-9824066 
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Festal Eeselts— continued. 


JOOSTEMBEBQ. 


jStaiion No. 144. 

Latitude 

Loogitude 

Height above M.S.L. 


o / // 

29 89 8-989. 
23 49 22-974. 
4089-1 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Loj? Lengths of Liuos 
in Englisli Feet 

Leenwberg 

H 

• 1 II 

190 88 24-16 

5-2246616 

Lo^pl . 


228 62 84-66 

4-9648559 

Eland^rg 11. 

19 

854 46 18-89 

4-8698848 


LEEUWBEBQ. 

Station No. 145. 

Latitude . 

Longitude 

Height above M.S.L. 


o y /; 

29 11 56-276. 
23 55 9-716. 

4013-0 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Linos 
in En^ish Feet 

Joostenberg . 

144 

0 > II 

10 80 88-80 

6-2246016 

Moller Pile . 

148 

217 87 16-85 

6-1989114 

Eolskop. 

147 

276 7 1-11 

5-2298B30 

Eckmoud. 

146 

811 16 64-04 

4-9985631 

Lo^p I. 

148 

889 87 7-85 

5-0463258 


BOKMOND. 

Staton No. 146. 

Latitude . 

Lon^tude . 

Height above M. S.L. 


o y yy 
29 22 46-541. 

24 9 16-260. 
4164-6 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet 

LodEopL . 

148 

0 f If 

48 8 82-80 

4-7229482 

Leeuveberg . 

145 

181 9 69-90 

4-9985681 

Koldrop. 

147 

241 88 9-70 

6-0291876 

Orange Biver. 

184 

841 86 41-12 

6-0887166 
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Final Ebsults— coniimied. 


EOLSEOF. 

Station No. 147. 

... ... 

Longitude . 

Height above M.S.L. 


o / // 

29 14 22-407. 
24 26 58-358. 
4486-1 feet. 


Stalnon Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in Enfflidi Feet 

Orange Blyer 



184 

O 1 It 

20 56 64-70 

6-2191770 

Eokmond . • • • 



146 

61 29 29-77 

6-0291876 

Leeuwberg •« 



145 

94 51 29-40 

6-2298880 

Moller Pile 



148 

161 47 46-86 

6-1966864 

Wolvedam • • 



160 

190 22 10-87 

5-2478812 

Sdioltz Kop 



140 

212 12 40-96 

6-1692726 


MOLLEB PILE. 


Station No. 148. 

Latitude . 

Longitude 
Height above M.S.L. 


o / // 

28 51 29-541. 
24 13 2-537. 
3848-4 feot. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in Englidi Feet 

Loenwberg .. . • • • • • 

W olvedam .. *. • • »• 

Scholtz Eop •. 1 • ‘ 

Kolskop. 

146 

160 

149 

147 

0 r V 

87 28 86-27 

261 48 87-47 

276 20 19-97 

881 64 81-69 

6-1939114 

6-0486848 

6-1822486 

6-1966854 


SCHOLTZ EOF. 


Sta^n No. 149. 

Latitude 

Longitude 

Height above M.S.L. 


o / n 

28 54 12-869. 
24 41 23-723. 
4178-0 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Leng^ of Lines 
in En^ish Feet 

Kolskop .. .. . 

MoUer Pile . 

Wolvedam .. . 

Kimberley Hill .. . 

Tarantal Kop .. • • • • 

Aasvo^l Kop .. . 

Paard^rg .. . 

147 

148 

160 

161 

162 

162 

168 

0 ' >1 

82 6 40-46 

96 6 88-81 

188 49 82-89 

188 68 89-92 

216 18 22-34 

237 66 13-68 

281 88 6-91 

6-1592726 

6-1822486 

4-8367689 

4- 7716176 

5- 0616442 

6- 0816166 
6-1115618 
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J^AL ’Essuvsa— continued. 


WOLVEDAM. 

jSSaitow No. 160. 

Latitude . 

Longitude . 

Height above M.S.L. 


a ! n 
28 45 40-866. 

24 32 65-808. 
4016-5 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of lines 
in Nn^ish Feet 

Kolakop.* 

Holler «l6 . 

147 

0 1 II 

10 19 17-07 

5-2478812 

148 

71 84 8-48 

5-0486848 

Distant Bnah . 

164 

208 6 67-08 

4-8794048 

Kimberley Hill. 

161 

261 40 18-20 

4-6068849 

Scholtzkop . 

1 

149 

818 68 87-88 

4-8867689 


ElMBBRUBY HILL. 

Station No. 161. 

Latitude. 

Longitude. 

Height above M.S.L. 


o / // 

28 44 29-17/. 
24 42 8-804. 
4016-1 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of lines 
m English Feet 

Soholtz Kop . 

149 

0 r n 

8 68 18-19 

4-7716176 

Wolvedam . 

160 

81 86 47-20 

4-6968849 

Distant Bush . 

164 

167 8 18-87 

4-7862047 

Doorjiboom . 

168 

200 80 62-59 

4-8296942 

Sand . 

165 

218 9 67-84 

4-6813896 

Tarantal Kop.. 

162 

242 1 69-26 

4-8607075 


TARANTAL EOF. 

•Station No. 152. 

Latitude. 

Longitude. 

Height above M.S.L. 


O / // 

28 38 61-731. 
24 64 8-058. 
4308-8 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
m English Feet 

Scholtz Kop . 

149 

0 ' !• 

86 7 14-41 

6-0616442 

Kimberley Hill. 

161 

61 66 18-92 

4-8607076 

Distant Bush 

164 

108 6 62-77 

4-9127081 

Doomboom . 

158 

126 47 66-91 

4-6979689 

Kame^bpau 11. 

167 

202 9 88-10 

4-6676247 

Spion Kop. 

166 

246 80 6-62 

4-6768961 

Ifoshof Hill . 

166 

248 26 18-20 

4-9694957 

Aasvogel Kop. 

162 

810 9 46-01 

4-6604548 
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Final Hebulus— continued. 


DOORNBOOM. 

Station No. 153. 

Latitude. 

Longitude. 

Height above M.S.L. 


o / // 

28 34 2-607. 
24 46 34-320. 
3904-8 feet. 


Station Observed. 

Station 

Na 

Azimuths. 

Log Lengtlis of Lines 
in Buglieh Feet 

Kimberley TTiH. 


0 f n 

20 28 46-27 

4-8296942 

Lonritude Point. 


86 44 87-89 

4-4806206 

Sonm end of Base . 


87 4 82-13 

4-6228178 

Warwioker . 


70 20 28-67 

4-4968668 

Distant Budi '. 


84 19 0-97 

4-6786804 

Tarantal Eop. 

152 

806 61 84*16 

4-6979689 

Sand . 

156 

868 38 28-72 

4-8669987 


DISTANT BUSH. 

Station No. 154. 

Latitude ... ... ... 

Longitude.. 

Height above M.S.L. . 


o / // 

28 34 39-161. 
24 39 36-193. 
3869-3 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet. 

Wolvedam . 

160 

o f It 

28 8 46-00 

4-8794048 

Poomboom . 

168 

264 22 20-96 

4-6786804 

Tarantal Eop 

162 

288 18 60-80 

4-9127081 

Sand . 

166 

296 67 80-00 

4-6468167 

Lon^tude Point. 

167 

816 47 6-46 

4-4666094 

Soum end of Base . 

161 

828 4 2-24 

4-4664762 

Kimberley Hill •• . 

151 

847 9 26-67 

4*7862047 


SAND. 

Station No. 155. 

Latitude. 

Longitude... 

Height above M.S.L. 


o / // 

28 37 51-129. 
24 47 3-563. 
4029-0 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
iu English Feet 

Kimberley Hill .. 




161 

0 1 II 

88 7 86-86 

4-6818895 

Sonth end of Base 




161 

81 16 18-64 

4-8606146 

Longitude Point .. 




167 

85 51 41*22 

4-8080422 

Warwioker 




156 

111 22 87-12 

4-5870622 

Distant Budi 


■ • 


164 

115 68 66-82 

4-6468157 

North end of Base 


• • 


159 

121 16 32-87 

4-2625848 

Doomboom 

• • 

• • 


158 

178 33 14-78 

4-8659987 

































Final Ebsukcs— oonbinued. 


WABWICEBB. 

Station No. 156. 

Xi8ilji^ud>o ... ... ... 

Longitude. 

Height above M.S.L. 


o / n 

28 35 46*707. 
24 41 3*821. 

3818*1 feet. 


Station Observed. 

station 

No. 

Azimutlis. 

Log Lengths of Lines 
in Englidi Feet. 

Doomboom . 

M 

• 1 M 

260 28 6*69 

4-4968668 

North end of Base . 


280 86 1-88 

4-2228001 

Sand . 

166 

291 26 29-40 

4-6870622 

Measured ead of Base. 

168 

811 20 17-97 

4-2122981 

South end of Base . 

161 

829 40 66-61 

4-2691880 

Flag: . 

160 

866 66 6-29 

4-1110826 


iStaiionNo. 157. 
Latitude 
Longitude 


LONGITUDE POINT. 

o / // 

. 28 38 5*600. 

. 24 43 16*074. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
io English Feet. 

Distant Bosh . 

n 

0 t // 

186 46 21-18 

4-4566094 

Doomboom .. . 


216 46 12-29 

4-4806206 

Sand • a • • . • 

166 

266 68 80-28 

4-8080422 


ICEABUBED END OF EIMBEBLET BABE. 

StoAion No. 158. o / » 

Latitude . 28 37 33*312. 

Longitude . 24 43 21*179. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feeti 

South end of Base 

a • • ■ 


H 

0 t It 

28 27 86-24 

8-7780924 

Flag Point 

• * • ■ 

». 


79 88 7-08 

4-0697172 

Warwibkei- 

• e « • 

• • 


181 19 12-19 

4-2122981 

North end of Base 

• a • • 

• • 

B 

208 27 86-12 

8-9426696 



























415 


Final Ebstjlts —coniMiweA 


NORTH END OF KIMBERLEY BABE. 


Station No. 159. 

Latitude 

Longitude 

Height above M.S.L. 


o / u 

28 36 17'048. 
24 44 8*016. 

3805*2 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet. 

Well Point . 

160 a 

o t n 

5 18 51*97 

4-0010971 

South end of Base . 

161 

28 27 18-69 

4-1690956 

Measured end of Base. 

15» 

28 27 18-69 

8-9425596 

Warwidcer . 

156 

100 83 33-66 

4-2228001 

Sand . 

155 

801 16 66-44 

4-2625843 


Station No. 160. 
Latitude 
Longitude ... 


FLAG POINT. 


o / // 

28 37 54*376. 
*24 41 11*611. 


Station Observed. 

Station 

No. 

*Azimnth8. 

Log Lengths of Lines 
in English Feet. 

Warwioker 

■ 

o f n 

176 55 2-66 

4-1110826 

Measured end of Bose. 


269 84 9-16 

4‘0697172 

South end of’Base . 

161 

289 66 2-91 

8-9660477 


Station No. 160 a. 
Latitude 
Longitude . 


WELL POINT. 


0 / II 

28 38 10*697. 
24 43 56*223. 


Station Observed. 

Station 

No. 

Azimuths. 

Lo^ Lengths of Lines 
m En^ish Feet. 

South end of Base . 


o f It 

76 66 6-22 

8-7900428 

Measured end of Base .. 


140 24 12-12 

8*6902066 

North end of Base . 

m 

185 18 57-62 

W WWW4HvM^ 

4-0616971 
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Final Bjbstjlts— oonim-wd. 


SOUTH END OF KIMBERLEY BASE. 


Station No. 161. 

Latitude 

Longitude . 

Height above M.S.L. 


o / // 

28 38 25*531. 
24 42 49*096. 
3824*6* feet. 



Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in iUngliBh Feet. 

Flag Point . 


0 f it 

109 64 16*08 

8*9066477 

Dintont Bush . • . 


148 2 29-88 

4*4664762 

Warwicker . 


149 40 6*09 

4*2691330 

ISforth end of Base . 

159 

208 27 61*50 

4*1090955 

Measured end of Base. 

158 

208 27 61*50 

8*7780924 

Doom boom . 

168 

217 6 19*90 

4*6228178 

Well Point . 

160a 

265 66 37*28 

3*7900428 

Sand . 

165 

261 18 20*69 

4*8606146 


* By levellmg from railway datum 8889*8 feet. 


AASYOOEL EOF. 

Station No. 162. „ , ,, 

Latitude . 28 43 Zl'lVl. 

Longitude . 25 0 31*857. 

Height above M.S.L. . 4633*5 feet. 


Station Observed. 

Station 
» No. 

Azimuths. 

Log Lengths of Lines 
in English Feet. 

Scholtz Kop 

149 

0 1 f/ 

67 46 0*24 

5*0816165 

Tarantal Eop . 

162 

130 6 40*77 

4*0504548 

Spion Eop. 

166 

180 10 39*80 

4*6482884 

Bo^of Hill . 

166 

219 42 18*34 

4*9143964 

Bondefontdn 

164 

278 40 47*97 

5*0486288 

Faardeberg . 

168 

844 88 48*82 

4*9695370 


PAABDEBERO. 

Station No. 163. „ , „ 

•Latitude . 28 58 27*102. 

Longitude . 25 5 9*741. 

Height above M.S.L. . 4132'5 feet. 


Station Observed. 

Station 

No. 

j 

Asdmuths. 

Log Lengths of Lines 
in English FoeL 

Scholtz •. 

Aasvo^ Aop... 

RondKonteiD . 


0 ( n 

101 21 86*89 

5*1116618 


164 86 84*28 

4*9696870 


229 6 46*91 

6*0488060 
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Final Ensm/rs — contirvued. 


BONDBVONTEIN. 

Station No. 164. 

Latitude . 

Longitude . 

Height above M.S.L. . 


o / // 

28 46 20*778. 
25 20 59*997. 
4477*7 feet. 


Station Observed* 

Station 

No. 

Azimuths. 

Log League of Lines 
m Bnglii^ Feet. 

Paardebeig . 

Aasrogel Slop. 

168 

1 0 t V 

48 68 8*06 

6*0488060 

162 

98 80 67*26 

6*0486288 

Bodiof am . 

166 

144 28 27*07 

4*9918818 

Slareelaagte . 

168 

218 46 17*86 

4*9602986 


BOSHOF BILL. 

Station No. 165^ 

Ijatitude ... .. ... .. 

Longitude . 

Height above M.S.L. . 


o / // 

28 38 11*806. 
25 10 20*026. 
4331*4 feet. 


Station Observed. 

Station 

Na 

Azimuths. 

liOjir Lengths of Lines 
in Bogiish Feet. 

Aasvogel Kop. 

■■ 

0 1 n 

89 87 86*48 

4*9148964 

Tarantal Kop. 


68 17 27*92 

4*9694967 

Spion Kop.1 

166 

70 16 26*87 

4*7446981 

Kebmeelpan IL ..1 

Zwait Kop n.. 

167 

97 6 61*27 

4*8482179 

188 

176 66 19*88 

4*8297628 

I>u Plessis Dam. 

169 

226 48 19*69 

6*1206484 

Kareelaagte . 

168 

274 21 89*41 

5*0689782 

Kondefontein. 

164 

824 28 84*04 

4*9918818 


SPION EOF. 

Station No. 166. 

Ijatitude ... ... ... 

Longitude . 

Height above M. S.L. 


o / H 

28 86 16*598. 
25 0 33*406. 
4282*0 feet. 


Station Observed. 

Station 

No. 

1 Azimuths. 

Log Lengths of lines 
in En^ish Feet. 

Aasvogel Kop .. .. 


• f >1 

0 10 89*06 

4*6482884 

Tarantal Kop. 

Komeelpw 11. 

Boshof BBl . 


66 27 1*00 

4*6768961 


148 26 27*00 

4*6078822 

166 

250 21 6*99 

4*7446981 


2I> 


( 14181 ) 
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Finaii Ebstjlts— (xynimu&d. 


EAMEXLPAN U. ’ 

Station No. 167. 

Latitude 

XiOu^itude ... ... ... ... 

Height above M.S.L. . 


o / // 

28 81 45-225. 
24 57 24-708. 
8962-2 feet. 


Station Observed. 

Stotinn 

No. 

Assimuths. 

Log Lengtihs of Lines 
in Eoglisb Feet 

Tarantal Eop . 

Boeaman’s Eop. 



0 1 II , 

22 7 69-00 

4-6676247 



196 64 87-20 

4-8218841 

Zwaa± Eop II. 

Boahof Hul 


188 

269 81 20-78 

4-8400886 


165 

277 18 1-72 

4-8432179 

Spon Eop. 


166 

828 27 67-24 

4-6078822 


EABEEliAAQTE. 

StationlSo. 168. 

fjatitudie ... ... ... ..I 

Longitude.. 

Height above M.S.L. . 


o / // 

28 84 85-865. 
25 81 40-966. 
4411-5 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet 

Bondef ontdii .. 

« • 

164 

o 1 II 

88 41 10-80 

4-9602986 

Boshof HiU . 

• • 

166 

94 11 26-92 

6-0689782 

Du Fleaais Dam. 

9 • 

169 

169 29 89-26 

6-0086868 

Weltevreden . 


171 

214 42 14-41 

6-1806090 

Bosberg. 

• • 

170 

258 42 41-01 

6-2610404 


DU FLXSSia DAM. 

Station No. 169. 

Latitude . 

Longitude . 

Height above M.S.L. . 


o / /; 

28 18 13-988. 
25 28 15-257. 
4506-2 feet. ■ 


Station Observed. 

station 

Na 

Azimutba 

Log Len^s of Lines 
in En^isb Feet 

Boabof Hill . 

■ 

“ 1 II 

46 34 47-81 

6-1206484 

Weltevreden . 


266 21 66-66 

6-0328865 

Eareelaagte 

168 

349 81 17-22 

6-0086868 
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FlNiLl. EJBISULT&^0)lew^^eC^. 


BOSBERG. 

Station No. 170. 

Latitude . 

Longitude . 

Height above M.S.L. 


oil/ 

28 28 38-218. 
26 5 5-272. 
4755-0 feet. 


Station Observed. 

Station 

No. 

Azunuths. 

Log LengtihB of Lioies 
in English Feet 

Eareelaagte . 


0 t II 

78 26 43-81 

5-2610404 

Weltevr^en . 


183 84 16-69 

6-1084066 

Biesie Pan. 

172 

188 11 16-87 

4-9809488 

Sohoongezicht 

178 

241 12 8-71 

6-0681278 


WBLTEVKEDEN. 

Station No. I7l. 

Latitude ... ... ... ... 

IjOUi^^itude ... ... ... ... 

Height above M.S.L. . 


O I II 

28 14 1-150. 
25 47 45-664. 
4511-1 feet. 


Station Observed. 

Station 
No. : 

Azimuths. 

Log Lengths of Lines 
in English Feet 

Kareelaagte . 

168 

• / n 

84 84 86-60 

6-1806090 

Du Plessia Dam. 

169 

76 12 42-84 

6-0828866 

Biesie Fan. 

172 

266 46 80-81 

6-02B6060 

Bofibopg •• •• •• •• 

170 

818 42 80-44 

6-1084066 

BIESIE FAN. 

Station No. 172. „ , 

Latitude . 28 IS 

II 

0-214. 


Longitude . 

Height above M.S.L. 


26 7 87-630. 
4524-1 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Len^hs of Lines 
in Ihi^ish Feet 

Bosberg. 

n 

0 / II 

8 10 4-68 

4-9809488 

WelteTOden . 


86 87 7-09 

6-0286060 

ZoetVld. 

■ns 

209 1 84-71 

6-1982686 

Theron’s Kop . 


279 68 88-40 

6-8294014 

Sohoongezicht ... 

178 

298 67 46-12 

4-9822666 


( 14181 ) 


2 D 2 
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Final Ebsumb— continued. 


SCHOONaEZICHT. 

Station No. 178. 

Latitude . 

liOu^Ltude ... ... ... ... 

Height above M.S.L. . 


o / // 

28 19 25-291. 
26 23 59-156. 
4653-8 feet. 


Station Observed. 

Station 

No. 

Atimuths. 

# 

Log LengtliB of Lines 
in EnglislL Feet 

Boelierg. 

H 

0 t It 

61 8 4-40 

6-0631278 

Biesie Fan. 


113 60 1-24 

4-9822656 

ZoetYlel., .. 

WTm 

175 67 20-86 

6-2461368 

Theron’sEop .. ' .. 

174 

268 66 4*68 

6-0883681 


THEBON’B EOF. 

jSitation No. 174. 

Latitude ... ... ... ..< 

ICiOugitude... ... ... .. 

Height above M.S.L. 


o / // 

28 19 0-818. 
26 46 50-184. 


5177-2 feet. 


Station Observed. 

Statio]^ 

No.^ 

Azimuths. 

Log Lengths of Lines 
in English Feet 

Schoongezicht. 

Breaie Pan . 

173 

o r 11 

88 46 14-16 

6-0888681 

172 

99 89 69-27 

6-8294014 

ZoetTlei. 

17ft 

141 68 8-08 

6-3414527 

BrannzLjnKop .. 

107 

196 18 10-99 

5-2470695 


Station No. 175. 

ZOET VLEl. 

0 / // 

Latitude ... 

... 

27 50 28-392. 

Longitude... 

• ■ • • ■ • • • • 

26 21 41-015. 

Height above M.S.L. 

4316-6 feet. 


Station Observed. 

Station 

No. 

Aziinnths. 

Log Lengths of Lines 
in En^ish Feel. 

Bieae Pan . 

Nooitvemacht. 

Brannznn Kop. 

Theron’a Kop. 

ScihooDgezicbt. 

172 

176 

107 

174 

178 

0 t n 

28 64 68-40 

212 12 48-82 

271 10 46-20 

322 4 68-44 

866 68 26-89 

6-1982686 

6-1664726 

6-2674006 

6-8414627 

6-2461868 
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PnsrAL EBSiniTrs— contimied. 


NOOITVliBWAGHT. 

Stcvtion No. 176. 

Latitude. 

Longitude. 

Height above M.S.L. 


o / // 

27 30 1*249. 
26 86 7*445. 
4419-7 feet. 


Station Observed. 

Station 

No. 

Azimutlis. 

Log Lengths of Lines 
in En^ish Feet 

ZoetVlei 

176 

Q I If 

82 6 0-96 

5-1654726 

Ylaklaagte . 

283 

180 8 19-52 

6-0797078 

Bovenlaads Floats 

285 

225 19 46-88 

5-0489714 

Bhenoster Eop II . 

105 

261 87 38-88 

5-2818150 

Brannzijn Kop .. 

107 

819 64 85-47 

6-2216441 


LANOBXBO n. 

Station No. 177. 

Latitude ... 

liO^xgi IjTicLe... ... ... .. 

Height above M.S.L. 


o / // 

28 14 4-447. 
28 30 1-965. 

652G-3 feet. 


Station Observed. 

Station 

No. 

Azunutbs. 

Log Lengths of lines 
in En^ish Feet. 

Kaffir Kop . 

112 

0/1/ 

106 18 89-72 

6-2399585 

ElandBkx)]p 11 

Yierfont^ . 

111 

149 58 55-51 

5-8896107 

178 

187 66 7-69 

6-2988860 

Yaalbank Eop. 

170 

287 87 14-46 

6-8029244 


VlEBFOMTXm. 

Station No. 178. 

Latitude. 

Longitude. 

Height above M.S.L. . 


O i II 

27 41 32-490. 

28 85 6-958. 
5822-9 feec. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of lines 
in En^ish Feet 

Langberg II . 

n 

0 t n 

7 62 44-67 

6-2988860 

Eland^op II . 

■SI 

96 40 48-29 

6-1794614 

Eaal Kop II . 


265 40 16-46 

6-1947746 

Yaalbank Kop. 

HI 

802 9 18-87 

6-2264788 


(14181) 2 D 8 
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FikaIi Ebsui/ts— continued. 


VAALBANE EOF. 

Station No. 179, 

Xi&ijitudo ... ... ... ,,, 

... ... ... ... 

Height above M.S.L. 


o / // 

27 56 15-646. 
29 1 33-259. 

6066-0 feet. 


Station Observed. 

Station 

No. 

AzimuLbs, 

Log Lengtihs of Lines 
in English Foot. 



0 t l» 

67 23 24-02 

6-8029244 

Vierfontein . 

BBS 

121 66 58-67 

6-2264788 

Eaal Eop II . 


184 0 17-08 

6-1090480 

Hermitage . 

m 

286 41 2-00 

6-0907968 


EAAL EOF n. 

Station No. 180. 

Latitude . 

Longitude. 

Height above M.S.L. 


o t n 


27 85 5-872. 
29 3 18-021. 
6388*8 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Len^s of Lines 
in En^sh Feet. 

Yaalbank Kop. 

■ 

0 t n 

8 .59 80-66 

6-1090480 

Yierfontein . 


76 27 14-80 

5-1947746 

G^msbokberg. 

BH 

249 12 68-80 

6-1189880 

Hermitage . 

mu 

802 46 89-78 

6<0486164 


HBBMITAOB. 

Station No. 181. 

Latitude . 

'Longitude . 

Height above M.S.L. 


o / // 

27 45 3-968. 
29 20 39-572. 
7664-9 feet. 


Station Observed. 

Station 

No. 

Azimnths. 

Log Lengths of Lines 
in English Feet. 

Yaalbank Kop.\. 

179 

0 / n 

66 82 6-69 

6-0907958 

Eaal Eop n .. 

180 

122 87 88-82 

6-0486164 

Gemsbokberg. 

182 

194 20 8-88 

6-0419482 

Dralrensberg . 

68 

286 27 0-21 

6-0714628 



























423 


Final Ebsults— continued. 


gemsboeberg. 

/Station No. 182 

... .•! 
I/OP litodo •«• ... ... ..I 

Height above M.S.L. . 


0 111 
27 27 27-169. 
29 25 42-250. 
6870-5 feet. 


Station Observed, 

Station 

No. 

Azimuths. 

Lofi Leurlhs of Lines 
in Bu^ish Feet. 



Q f If 


Hermite^e 

181 

14 17 48*68 

6*0419482 

Eaal Kop II . 

180 

69 2 29*85 

• 5*1189880 

Inkwelo. 

69 

279 60 24*61 

6*1214689 

Drakezisberg . 

68 

828 28 89*89 

6*2166728 

ZWABT EOF n. 


Station No. 183. 


0 / 

// 

Latitude 

. • • . . 

... 28 29 40-039. 

Longitude 

• • • • ■ 

... 25 10 

7-240. 

Height above M.S.L. 

• • • 

... 4177-7 feet. 

Station Obaerved. 

Staldou 

No. 

Azimuths. 

Log Lengths of Lines 
in Bngiisb Feet. 

Kameelpan 11. 

m 

0 ( U 

79 26 16*79 

« 

. 4*8400886 

Boeaman’s Kop.. 


186 4 68*44 

4*8477897 

XJitkyk »» . 


198 21 27*86 

4*9698104 

Boahof Hill . 

166 

866 66 25*99 

4*8297628 


BOEBMAM’B EOF. 

Station No. 184. 

Latitude . 

Longitude . 

Height above M.S.L. . 


o / ;/ 

28 21 17-363. 
25 1 0-456. 

4101-0 feet. 


Station Observod. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in En^ish Feet. 

SlameelpaQ 11. 

167 

O t It 

16 62 64*44 

•* 4*8218841 

Leeuwlaagte 

186 

195 2 41*91 

4*6171688 

Uitkyk. 

186 

246 21 27*42 

• 4*9812071 

Zwart Eop II 

183 

816 9 18*71 

4*8477897 


(14181) 


2 D 4 
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PiNAX StBSUiiTS— continued. 


nZTEYE. 

/SSiaiiow No. 186. 

JEjSiiiitiido ... ... ... 

Longitude . 

Height above M.S.L. 


o / // 

28 15 24-229. 
25 15 27-907. 
4656-8 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet. 

Zwart Eop II.. 


0 ' II 

18 18 64-96 

4-9698104 

Boesman’s Kop. 


66 14 86-10 

4-9812071 

Leeuwlaagte . 


98 89 88-11 

4-8268949 

WinterhodE 


161 2 61-82 

4-0384886 

Boomplaats . 


208 24 8-28 

4-8068418 


LBEnWLAA.aTB. 

Stcetion No. 186. 

l^atitude ... ... ... ..< 

Longitude.. 

Height above M.S.L. . 


o / // 

28 14 41-323. 
25 3 0-653. 
4345-8 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of lines 
in English Feet 

« 

Boesman's Kop. 

184 

0 / t 

16 1 44-98 

4-6171688 

Winterhodc . • . 

187 

284 9 67-81 

4-7646088 

Uitkyk. 

186 

278 46 81-81 

4-8268949 


WINTSBHOICE. 

Staiion No. 187. 

Latitude . 

Longitude. 

Height above M.S.L. . 


0 / 1 / 

28 9 11-596. 

25 11 35-368. 
4318-7 feet. 


Station Obsei'ved. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet 

Leeuwlaagte • • 

Bethel Pella .. . 

186 

0 / II 

64 ■ 6 64-09 

4-7646088 


1&9-42 1-24 

4-6996780 

iELoutneik. 

189 

211'24 26-64 

4-9289664 

Boomplaats . 

IJitkyk. 

188 

260'^8 12-61 

4-7866164 

186 

881314 41-78 

4-6884886 








































Fenal Bbsulis — contmued. 


BOOMPLAATB. 

Station No. 188. 

lEiSi^i^udo ... ... ... . 

Longitude. 

Height above M.S.L. 


O / n 
28 6 7*116. 

25 21 7*549. 
4206*8 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet. 

TJitkyk. 

185 

0 f n 

28 21 27*89 

4-8058418 

Winterhoek . 

187 

69 68 42-76 

4-7365164 

Houtoek . • 

189 

171 62 28-19 

4-7289840 


HODTNliE. 

Staition No. 189. 

iLjatxtude ... ... ... 

Longitude . 

Height above M.S.L. 


o / u 

27 57 21*978. 
25 19 43*118. 
4197*6 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengthy of Lines 
m English FeeL 

WinterhoA .. 

HI 

0 ! II 

81 20 86-28 

4-9289654 

Bethd Pella . 

HES 

67 57 17-19 

4-8180886 

Schoonheid 

HES 

118 88 52-87 

4-9145299 

Langvallei . 


165 55 1-29 

4-6708816 

Boomplaats . 

H 

851 58 7-86 

4-7289840 


BETHEL PELLA. 

Station No. 190. 

Latitude . 

Longitude . 

Height above M.S.L. . 


o / // 

28 1 26*458. 
25 8 21*507. 
3985*5 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English feet 

Sohoonheid .. 


0 1 II 

170 21 40-86 

4-8182528 

Houtoek. 


248 2 87-09 

4-8189886 

Winterhoek . 

m 

889 48 82-51 

4-6996780 
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Final Ebsults— continued. 


SOHOONHBID. 

Station No. 191. 

Latitude . 

Longitude ... . 

Height above M.S.L. . 


o / // 

27 50 51-399. 
25 6 20-178. 

4116-2 feet. 


Station Observed. 

Station 

No. 

AzimutliB. 

Loir LenvUiB of Lines 
in En^ish Feet. 

Kopje Unkel . 

n 

0 /r 

176 24 62-90 

4-8418201 

Never Mind . 


202 80 44-50 

4-7468724 

Langvallei .. 

192 

268 46 28-24 

4-784,5874 

Houtnek. 

189 

298 46 8-11 

4-9146299 

Bethd. Pella . 


860 22 87-19 

4-8182528 


LANGYALLEI. 

Station No. 192. 

Xiatitude ... ... ... 

Longitude . 

Height above M.S.L. 


0 111 
27 49 45-544. 
25 17 34-833. 
4145-8 feet. 


Station Observed. 

Station 

No. 

Aramutlis. 

Log Lengths of Lines 
in English Feet 

Sohoonheid . 


0 ( » 

88 41 8-48 

4-7846874 

Never Mind .. 


188 62 9-95 

4-7754460 

Eameelpan I . 

Hontn^.‘ 


152 8 48-26 

4-9048509 

189 

846 66 1-54 

■ 4-0768816 


HEVXR MIND. 

Station No. 193. 

Latitude . 

Longitude. 

Height above M.S.L. 


o / // 

27 42 20-619. 
25 10 17-993. 
4223-1 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet. 

Schoonlieid . 

H 

0 1 tl 

22 28 68-67 

4-7468724 

Kopje Enfeel . 


128 14 49-67 

4-6080279 

Kameelpan I . 


183 46 69-47 

• 4-4176700 

Langvallei . 

■■ 

818 66 88-28 

4-7764460 
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FmAii Bisscmcs— continued. 


KOPJE ENEBL. 

Station No. 194. 

Latitude 

Longitude . 

Height above M.S.L. . 


o / // 

27 89 25-645. 
25 5 18-417. 
4315-3 feet. 


Station Observed. 

Station 

No. 

Azimaths. 

Log Lengths of Lines 
in English Feet. 

Smitskraal . 


0 ( II 

167 59 2-18 

4-6996477 

Nooitgedaoht II. 


196 26 69-68 

4-7998821 

Eameelpan I . 

196 

253 87 12-40 

4-4768849 

Never Mind .. . 

198 

808 17 8-84 

4-6080279 

Bdhoonheid . 

191 

856 26 21-66 

4-8418201 


KAMBELPAN L 

Station No. 195. 

Latitude ... ... ... .< 

Lion^^tudiO ... ... ... .< 

Height above M.S.L. 


O / u 

27 38 2-111. 
25 10 37-100. 
4322-9 feet. 


Station Observed. 

station 

No. 

Azimuths. 

Log Lengths of Lines 
iu English Feet. 

Never Mind 

198 

0 t tl 

8 46 60-60 

4-4176700 

E^pje Bukel . 

194 

78 84 44-68 

4-4768849 

Snutakraal 

196 

186 0 26-25 

4-7606427 

Nooitgedaoht 11 .. 

197 

168 12 9-88 

4-7262241 

Langvallei . 

192 

882 12 2-41 

4-9048509 


SMITSERAAL. 

Station No. 196. 

Latitude . 

Longitude. 

Height above M.S.L. 


O / H 

27 31 20-707. 
25 3 22-652. 
4418-0 feet. 


Station Observed. 

Station 

Na 

Azimuths. 

Log Lengths of Lines 
in English Feeb 

Amsterdam . 

Nooitgedaoht 11. 

Eamee^u I .. . 

Kopje Enkel . 

198 

197 

196 . 
194 

0 1 II 

177 18 8-78 

247 66 66-95 

816 8 46-88 

847 69 66-79 

4-1106018 

4-4842888 

4-7606427 

4-6996477 









































!FmAL EksuIiTS— continued. 


NOOITOEDACHT DL 

Station No. 197. o / // 

Latitude ... ...■ ... ... 27 29 27*221. 

Longitude ... ... ... ... 25 8 36*521. 

Height above M.S.L. ... ... 4427*4 feet. 



AMSTERDAM. 

Station No. 198. o / // 

Latitude. ... 27 29 13*139. 

Longitude... ... ... ... 25 3 15*705. 

Height above M.S.L. ... ... 4426*0 feet. 

^ Ad-.tba 

0 / II 

TTlinTniU . 199 172 36 9*11 4-8868469 

Doomhoek . 200 286 26 6-22 4-8488190 

Nooitgedftchtn. 197 272 60 17-71 4-4618862 

Smitekraal . 196 867 18 11-94 4-1106018 


ELIPEUIL. 

Station No. 199. o , ,, 

Latitude. 27 16 37*521. 

Longitude. 25 1 23*170. 

Height above M.S.L. 4411*7 feet. 

o I /I 

Morgenzon . 202 288 68 82-86 4-9749647 

Doo^ock.. .. . .. .. 200 297 68 18-67 4-8882749 

Nooitgedaohti II. 197 888 20 82-64 4-9894719 

Amsterdam . 198 862 26 0-86 4-8868469 
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Final Eesulib— continued. 


DOOBNHOEE. 

Station No. 200. 

liSiijiiiiidB ... ... ... , 

Longitude. 

Height above M.S.L. 


O i if 

27 22 36-061. 
26 14 0-689. 
4497-7 feet. 


Station Observed. 

station 

No. 

Azimuths. 

Log Lengths of Lines 
in Engush Feet 

Nooitgedacbt n. 

197 

O f II 

85 6*55-84 

4-7066280 

Amsterdam . 

198 

66 2l‘ 9-12 

4-8488190 

Klipkuil. 

199 

117 62 26-97 

4-8882749 

Aforgenzon . 

202 

184 62 0-46 

4-9649100 

Holpan. 

201 

226 22 68-72 

4-821G086 


HOLFAN. 

Station No. 201. 

Latitude ... ... 

LoQgitud.e. 

Height above M.S. L. 


o / /; 

27 14 64-527. 
25 22 43-658. 
4530-9 feet. 


* Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
iu English Feet 

1 

Doomhoek . 

200 

O 1 II 

45 18 68-76 

4-8216086 

Morgeuzon . 

202 

188 57 6-07 

4-7784602 

Pani^tein . 

208 

226 40 61-71 

4-2828474 


MOBQEMZON. 

Station No. 202. 

Latitude. 

Longitude. 

Height above M.S.L. 


o / // 

27 7 25-908. 
25 15 27-193. 
4685-7 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in Bn^h Feet. 

Doomhoek «i . 

200 

0 r n 

4 61 20-81 

4-9649100 

Elipbail. 

199 

68 47 6-64 

4-9749647 

Strappau. 

206 

211 88 48-42 

4-9686044 

Makouw^op . 

204 

267 15 9-28 

4-9740461 

Panfontein . 

208 

801 6 81-66 

4-7945188 

Holpan .. . 

201 

819 0 26-48 

4-7784602 
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PnrAL ItBHimES“Co»«mwe<i. 


PANFONTEIN. 

Station No. 203. 

Latitude. 

Longitude. 

Height above M.S.L.. 


o / // 

27 12 44*194. 
25 25 18*110. 
4571*0 feet. 


Station Observed. 

Station 

Na 

Azmmths. 

Log Lengths of Lines 
m English Feet. 

1 

Holpan. 

■ 

0 / // 

46 89 40*99 

4*2828474 

Morgenzon . 


121 1 1*76 

4*7946188 

Makonwskop . 

Bi 

216 57 29*07 

4*8161694 


MAEOUWSEOP. 

Station No. 204. 

Latitude . 

Longitude. 

Height above M.S.L. . 


o / // 

27 8 59*044. 

25 32 28*468. ' 

4526*1 feet. 


Station Observed. 

Station 

No. 

Azunuths. 

Log Lenrtbs of Linos 
in En^h Feet. 

Fanf ontein . 


0 / /I 

86 64 15*04 

4*8161694 

Morgenzon . 


77 7 26*86 

4*9740451 

Strappan.. 

Doornbult III . 

205 

142 40 58*84 

4*8584161 

206 

199 60 40*46 

4*5768841 


BTRAPPAN. 

Station No. 205. 

Latitude . 

Longitude . 

Height above M.S.L. 


O ! H 

26 54 80*814. 
25 24 20*135. 
4449-6 feet. 


Station Observed. 

Station 

No. 

AzimuthSe 

Log Len^hs of Lines 
in En^ish Feet. 

Morgenzon 


• • 


0 » t 

81 84 41*88 

4*9686044 

Biet Pan .. 


.. 


226 22 0*38 

4*6767720 

Rosalie 

.« • • 

, . 

207 

286 86 0*86 

4*7652028 

Doornbult III 

■ « ■ 


206 

291 16 47*66 

4*7829221 

Mjakonwskop 

«• .. 


20^ 

822 44 88*17 

4*8584161 
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Fcntax ’B^mrusB—oMitmued. 


DOOBNBULT III. 

Station, No. 206. ^ / // 

Latitude . ... 26 58 7*802. 

Longitude . 25 84 44*922. 

Height above M.S.L. . 4556*7 feet. 

o t n 

Makouwi^op .. 204 19 49 86'20 4*5768841 

Strappam. 206 111 11 4-61 4-7829221 

Eosalie. 207 175 66 26'95 8-8080067 


BOSALIB. 

Station No. 207. o , „ 

Latitude . 26 57 5*039. 

Longitude . 25 34 89*952. 

Height above M.S.L. ... ... 4548*2 feet. 




o \ 

Strappaa . 205 105 81-20-15 4-7662028 

Kietpon. 208 146 18 48'66 4-7047341 

Doorabultll . 209 200 11 26'34 4-7941181 

Simonavla . 210 254 28 10'71 4*4728844 

Doombultlll. 206 866 66 29-21 3-8080067 


BIETPAN. 


Station No. 208. 

Latitude . 

Longitude . 

Height above M.S.L. 


Station Observed. 



Doornbult II 
BosaJie .. 


26 50 12*332. 
25 29 21*642. 
4437*8 feet. 


Station 

No. 

Azimuths. 

Log Lengths of lines 
in English Feet. 

206 

0 f // 

46 19 44-10 

4-6767720 


251 87 10-62 

4-7245746 

207 

826 21 7-68 

_. 

4-7047841 
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Final Rbsiti/cs — continued. 


DOOBNBULT n. 


Station No. 209. 


0 / // 

Latitude . 

• « • • ■ • 

26 47 26*403. 

Longitude . 

• i • t » • 

25 38 37*012. 

Height above M.S.L. 

• « • ■ • ■ 

4542*5 feet. 


Stebtlon Observed. 

Station 

No. 

Azimntbs. 

Log Lengths of Lines 
in ISngudi Feet 

Itoaalie .. 

• « • « 



0 ' 1/ 

20 9 88*19 

4*7941181 

Bietpan .. 
Bos^pan .. 

• • • • 



71 88 0*10 

4*7246746 

« • • • 

ft » 


250 12 49*71 

4*6688768 

Zwaifs Bust •. 

• < • • 

ft ft 

211 

806 64 7*09 

4*7648028 

SimonHvlei 

• • • ft 

• • 

210 

861 66 24*08 

4*7069484 


SmONSVLEl. 

Station No. 210. 

Latitude . 

Longitude . 

Height above M.S.L. 


o / // 

26 55 45*751. 
25 39 56*060. 
4622-7 feet. 


Station Observed. 

Station 

No. 

Azimutbs. 

hog Lenglhs of Lines 
in English Feet 


■i 

0 / ;/ j 


Bosalle. 


74 20 47*49 

4*4728844 

Doombnlt 11 . 

WSm 

171 54 48*86 

4*7069484 

Zwartfa £nst . 

H 

247 48 14*14 

4*6861908 

ZYrAHTS BUST. 

• 

Station No. 211. 


0 / 

// 

Latitude 

ft ■ ■ ■ ft 

26 53 

4*041. 

Longitude 


... 25 47 17*494. 

Height above M.S.L. 

... 

... 4761*6 feet. 

Station Observed. 

Station 

No. 

Azimntb& 

Log Len^hs of lines 
in English Feet 

SimonHvlei . 

■ 

0 t ft 

67 44 64*88 

4*6851968 

Doombvlt II .. 


126 60 12*11 

4*7648028 

BoBohpaiL. 


166 12 48*44 

4*68.84722 

Eaixeekuil . 

218 

244 40 64*57 

4*7648008 
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Final Rbsdi/ts— cmtimed. 


BOSOHPAN. 

Sta/ticn No. 212. 

Latitude . 

Longitude . 

Height above M.S.L. 


o / // 

26 45 22*022. 
25 45 1*662. 

4685*0 feet. 


Station Obaerved. 

Station 

No. 

Azimutha 

Log Lengths of Lines 
in Sn^ish Feet. 

Doombnlt II . 



4-5688768 

Diaselboompan. 



4-8868127 

Elarreekuil . 

218 


4-8861879 

Zwartf a Bnat . 

211 


4-6884722 


KABKEBBEniL. 

Station No. 218. 

Latitude . 

Longitude. 

Height above M.S.L. 


O / u 

26 48 57*573. 
25 56 57*808. 
4986*1 feet. 


Station Observed. 

Station 

No. 

^ Azimatha 

Log Lengths of lines 
in En^Uh Feet. 

Zwarf B Rost . 


o t II 1 

64 86 82-69 

4-7648008 

Sosohoon .. .. .. .. .. 

DissellKtompan. 

B9 

108 80 19-68 

4-8861879 


169 47 16-66 

4-9089888 

Diiekoil. 

21,r) 

286 7 48-40 

4-6691266 


DISSBLBOOMPAN. 

Station No. 214. 

Latitude . 

Ijongitud e ... ... ... ... 

Height above M.S.L. . 


26 85 47*229. 
25 54 18*952. 
4717*3 feet 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of lines 
in Bn^h Feet. 

Boaohpan. 

Makoiespan . 

Doornhmt I .. .. .. 

■ 

* 

• 1 91 

41 1 26-26 

4-8868127 


170 42 29-60 

6-0-i89902 

218 

208 87 86-18 

6-0601006 

Middelbnlt . 

216 

286 1 29-20 

4-8299269 

Drieknil. 

216 

828 16 44-88 

4-8676407 

Karreeknil . 

213 

349 48 27-84 

4-9089888 


2 £ 


(14181) 
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Finaii BnEroiofi— continued. 


DBDBEnil.. 

Station No. 215. 

XjfibiiiiiVido ... ... ... 

Longitude . 

Height above M.S.L. 


o / // 

26 45 32*301. 
26 2 25*258. 
5053*6 feet. 


Station Observed. 

Station 

No. 

Aziinnth& 

Log Jjengths of Lines 
in ISn^h Feet 

Karreekail • • 


• • 

218 

0 r II 

66 6 20-61 

4-6691266 

Disselboompan .. 

* • • • 

« ■ 

214 

148 18 6-64 

4-8676407 

Middelbult . • 

■ • • • 

• • 

216 

186 81 47-91 

4-9984287 

Leeuwf ontem 

■ ■ ■ • 

• ■ 

228 

261 25 17-12 

4-9160887 

Schietfontem 

• • ■ • 

• ■ 

229 

804 84 80-44 

4-8747118 


HIDDELBULT. 

Station No. 216. 

Latitude . 

Longitude 

Height above M.S.L. . 


o / // 

26 29 28*104. 
26 4 28*535. 

4870*9 feet. 


Station Observed. 

Station 

No. 

Azixnnthfi. 

Loj^ Len^hs of Linos 
m En^h Feet. 

Driekinl .. 



216 

0 / n 

6 80 62-67 

4-9984237 

Disselboompan .. 



214 

54 66 66-80 

4-8299269 

Makoieapan 


• • 

217 

182 8 82-78 

4-9898968 

Doombult I. 


• • 

218 

179 35 8-88 

4-7927907 

Leenwfontein 


m • 

228 

816 66 0-66 

4-9912681 


HAEOUEBPAN. 

Station No. 217. 

Latitude . 

liongitude ... ... ... . 

Height above M.S.L. 


o / // 

26 18 34*258. 
25 51 11*454. 
4686*2 feet. 


Station Observed. 

* 

Station 

No. 

Azimuths* 

Log Lengths of Lines 
in En^h Feet 

Betblebem . 


0 1 II 

198 61 66-46 

4-7676497 

Doombult L . 


272 47 87-86 

4-8683484 

Middelbult . 


312 9 27-18 

4-9898968 

DIaselbooxnpan. 

214 

860 43 68-02 

6-0289902 
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Final Ebsui/ts — continued. 


DOOBNBULT I. 

Station No. 218. 

Latitude . 

Loqgitude . 

Height above M.S.L. . 


0 t u 

26 19 8*491. 
26 4 33*588. 
4893*6 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Leu^hs of Lines 
in En^ieh Feet 

Disselboompan. 

214 

0 1 *1 

28 88 5-75 

6-0601006 

Makoiespaa . 

217 

92 41 46-72 

4-8688484 

Bethlehem . 

219 

187 61 10-94 

4-8905666 

De Paarl. 

220 

167 42 88-26 

4-9669661 

Houthaal Boomen . 

221 

184 47 7-00 

4-9881818 


222 

246 18 84-67 

4-9868682 


216 

869 86 6-08 

4-7927907 


BETHLEHEM. 

Stcdion No. 219. 

Latitude . 

Longitude. 

Height above M.S.L. 


0 / // 

26 9 25-431. 

25 54 39-229. 
4840-9 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in En^ish Feet. 

Makoiespan . 

217 

0 1 II 

18 no 24-61 

4-7676497 

De Paarl . 

220 

214 18 H-.38 

4-6094816 

Dourubult I . 

218 

317 .nn 29-28 

4-8996666 


DE FAABL. 


Station No. 220. 


0 / 

// 

Latitude 

• ■ • « • 

... 26 5 

0-976. 

Longitude 

• • • ft • 

... 25 57 58*971. 

Height above M.B.L, 

... 

.. 4970-1 feet. 

Station Observed. 

Station 

No. 

Azimut! H. 

Log Lengths of Lines 
in English Feet 

Bethlehem . 

219 

O 1 II 

34 16 40-45 

4-6094816 

Polfonteiii . 

225 

126 8 14-68 

4-6261208 

Malopo’s Oog . 

224 

196 88 41-87 

4*9184084 

Welvediend . 

228 

'246 29 10-78 

4-9814267 

Houthaal Boomen . 

221 

270 12 1-.67 

4-02ri5412 

Doonibult 1 . 

-218 

337 46 28-07 

4-9669661 


( 14181 ) 


2 F 2 
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Final Bbsults— oontiwued. 


EOUTHAAL BOOMZN. 


Stxi^wn No. 221. 

Latitude 

Longitude 

Height above M.S.L. 


e / // 

26 5 2’2S2. 
26 5 42*082 

4957*1 feet. 


Station Obserred. 

Station 

Na 

A^nths. 

Log Lengths of Lines 
in Bu^h Feet. 

Doombnlt I. 

218 

0 ' II 

4 46 82’87 

4-9881818 

De Ftiarl. 

220 

90 8 87-97 

4-6265412 

Welvediend . 

228 

224 51 49-28 

4-7010662 

Sypherpon . 

222 

304 88 10-61 

4-9876627 


STPHEBPAN. 

jSItoition No, 222. 

Latitude . 

Longitude . 

Height above M.S.L. 


o / // 

26 13 9*815. 
26 18 44*642. 
4992*6 feet. 


Station Observed. 

station 

No. 

Azimuths. 

Log Len^s of Lines 
in En^pish Feet. 

Doombnlt I . 

218 

0 1 n 

65 7 18-68 

4-9868682 

Honthaal Buomen . 

221 

124 82 25-68 

4-9376627 

Welvediend . 

228 

167 0 26-68 

4-9642780 


WXLYBDIBND. 

Station No. 228 . 

l^atitude ... ... ... . 

Ijongx L ude ... ... ... . 

Height above M.S.L. 


o / // 

25 59 9*378. 

26 12 10*401. 
5036*0 feet. 


Station Observed. 

station 

Na 

Azimuths. 

Log Lengths of Lines 
in En^h Feet 

lloiithaal Boomen 

• • mm 

• m 

221 

• 1 II 

44 48 68-82 

4-7010662 

Be Faorl .. 

• • a * 

• » 

220 

66 28 6-02 

4-9814257 

MaLopo^s Oog 

■ • • • 

• • 

224 

127 62 11-86 

4-8498289 

STpheipan. . 

P • ■ • 

■ • 

222 

887 8 20-09 

4-9642780 
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Fdtal Rhsui/ub— oontimisd. 


MALOFO'S OOQ. 

Sta^don No, 224. 

Latitude . 

Longitude . 

Height above M.S.L. . 


O / 41 

25 51 59*238. 

26 1 59*565. 
4999*0 feet. 


Station Observed. 

Station 

No. 

Azimaths. 

Loj^ Len^B of Lmes 
in EngliBb Feet. 

De Paarl .. . 

220 

• » II 

16 81 66*50 

4*9184084 

Polfontm. 

225 

89 87 82*68 

4*8856946 

Ghrootfontein . 

226 

66 7 46*16 

4*7829004 

Klippan. 

227 

188 8 12’69 

4*9177992 


92 

180 57 86*86 

4*6115870 


228 

807 56 88’92 

4*8498289 


POLTONTZIN. 

Station No. 225. 

Ijatitude ... ... ... . 

lion^^xt^ide ... .. ... . 

Height above M.S.L. 


O 4 44 

26 1 45*181. 
25 53 2*389. 
4861*6 feet. 


Station Observed. 

Station 

No. 

AzimuthB. 

Log Lengths of linec 
in I^lish Feet 

1 

Grootfouteiu . 

226 

O / n 

169 65 8*22 

4*5841867 

Malopo’s Oog. 

224 

219 41 27*69 

4*8855946 

De Paarl. 

220 

806 10 24*98 

4*5251208 


. OROOTFONTEIN. 

StaUon No. 226. 

Xiatitude ... ... *** .** 

Longitude ... ... ••• ••• 

Height above M.S.L. 


0 4 44 

25 56 11*577. 
25 51 56*741. 
4786*7 feet. 


Station Observed. 

Station 

No. 

Azunnths. 

Log Lengths of lini 
in En^ish Feet. 

Klippan ., 

Witibp I. 

Malopo's Oog. 

227 

92 

224 

225 

» 1 II 

176 16 47*73 

220 4 46*60 

245 12 9*48 

849 55 81*96 

4*9148056 

4*9878790 

4*7829004 

4*6841867 


( 14181 ) 


2 E 3 
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Fwaij Bjseujjm — continued. 


EUPPAN. 

Station No. 227. 

Latitude . 

Longitude . 

Height above M.S.L. 


o / y/ 

2.9 42 89-215. 
25 60 58-442. 
4740 4 feet. 


Station Observed. 

Sttttion 

No. 

Azimuths. 

^ Log Leugths of Lines 
in English Feet 

Vergeuoeff . 

93 

• / t 

223'^41 40-36 

1 

4-8803716 

WiliopI. 

d:i 

284 24 24-62 

4-8001610 

Malopo’s Oog •« . 

224 

313 8 0-81 

4-9177002 

Grootioijtein .. .. •• 

22{\ 

356 17 18-13 

4-0148066 


LIBSXTWFONTEIN. 

Station No. 228. 

X^atitude ... ... ... ... 

Longitude. 

Height above M.S.L. . 


o / yy 

26 41 11-502. 
26 16 46*546. 
5372-2 feet. 


Station Observed. 

Station 

1 No. 

Atimuths. 

Log Lengths of Liney 
in JSngliyh Feet. 

Schielfontein . 

220 

0 ' n 

18 10 10-26 

4-8406426 

Driekuil. 

216 

71 18 40-82 

4-0160887 

Middelbolt . 

216 

186 40 80-28 

4-0012681 

Bhenosterhcrg Hoek. 

280 

818 16 2-07 

4-0060046 


( BOmSTFONTEIN. 

Station No. 229. 

Latitude . 

Longitude . 

Height above M..S.L. . 


o y yy 

26 52 88-022. 
26 IS 46-638. 
5196-5 feet. 


Station Observed. 

Station 

No. 

Aziinuths. 

Log Lengthy of Lines 
m English Feet 

Driekuil. 

215 

0/1/ 

124 20 28-04 

4-8747118 

Leenwfontein. 

228 

108 20 81-88 

4-8406426 

Bhenosterberg Hoek.. 

280 

260 48 28-21 

4-8817682 

Doomplaata . 

281 

807 26 21-61 

4-0448686 
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FiNiii Besitlts— corainued. 


BHSNOSTEBBBBG HOEK 


/Station No. 230. 

Latitude . 

Loogitude . 

Height above M.S.L. 


o / // 

26 50 17-797. 
26 27 33*931. 
5068*9 feet. 


Statioa Observed. 

t 

Station 

No. 

Azimutha 

Log Lengths of Lines 
in En^isb Feet 

Doornplaata . 

381 

0 1 II 

4 9 8*21 

4*8279892 

Sohietfonteiu . 

229 

79 87 14*46 

4*8817682 

Leeuwfontein. 

228 

188 11 11-46 

4*9060046 

Elerkadorp . 

282 

281 2 0-16 

4*8666862 


DOOBNFLAATB. 

Station No. 231. 

liatitude ... ... ... .. 

XiOugitude ... ... ... .. 

Height above fiLS.L. 


o / // 

27 1 22*511. 
26 26 40-064. 
4516*7 feet. 


Station Observed. 

Station 

Na 

Azimuths. 

Log Lengths of Inues 
in fin^ish Feet. 

Sobietfonlelu . 

229 

1 

e 1 II 

127 19 81*09 

4*9448686 

Rhenoaterberg Hoek. 

280 

184 9 29*61 

4-8279892 

SUerksdorp . 

282 

286 28 14-08 

4-9710878 

YlaUaagte . 

288 

816 8 12-00 

4-8699601 


ELBBE8DOBF. 

Station No. 232. 

Latitude . 

Longitude . 

Height above M.S.L. 


o / // 

*26 52 36*693. 
26 40 51*211. 
4456*2 feet. 


Station Ubaerved. 

Station 

No. 

1 

Ammuths. 

Log Lengths of lines 
ill fin^ish Feet 

YlaUaagte • • . 

288 

Q 1 // 

18 28 10-68 

6*0896676 

DoomplMts •• 

281 

66 21 48-28 

4*9710878 

B^osterberg Hoek. 

280 

100 66 69-97 

4*8666862 

Paradijs.. 

284 

804 24 16*66 

4*9098886 


( 14181 ) 


2 1 4 
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'FmAL Bbisttlts— contmued. 


TLAELAAOTE. 

Station No. 238. 

Latitude . 

Longitude . . 

Height above M.S.L. 


O / // 

27 10 il-455. 
26 86 8*732. 
4S98-1 feet. 


Station Observed 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in En^ish Feet 

Nooitverwacht. 

176 

0 / n 

0 8 18’94 

6-0797078 

Doomplaats . 

281 

186 8 52-98 

4-8699601 

Klerkadoip . 

282 

198 80 18-98 

6-0896676 

ParadijB. 

284 

286 48 64-91 

5-0488916 

Boveutands Plaats . 

286 

297 82 24-82 

4-9626848 


PARADIJS. 

Station No. 284. 

Latitude . 

Longitude . 

Height above M.S.L. 


o / // 

27 0 10*724. 
26 58 12*884. 
4721*8 feet 


Station Observed. 

Station 

No. 

Azimuths. 

Log Leu^^ of lines 
in English Feet. 

Boveolaads Plaats 

Vlaklaagte . 

Klerkadoip . 

286 

288 

282 

0 1 II 

7 11 28-99 

66 41 8-88 

124 18 89-78 

6-0121737 

6-0488916 

4-9098880 

BOVBNLANDS PLAATS, 

Station No. 285. ^ ^ 

Latitude . 27 17 

Longitude . 26 50 4 

Height above B1S.L. . 4542*2 i 

H 

1*171. 

9*680. 

eet. 

Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feeb 

Nooitverwacht. 

Vlaklaagte . 

Paradijs.. 

Bhenosterkop IL. 

176 

288 

234 

106 

0 / ft 

46 12 69-98 

117 26 41-76 

187 12 29-06 

294 48.16-44 

6-0489714 

4-9626848 

6-0121787 

6-0817729 
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Fotal Bbsultb— continued. 


IIOONT ANDIBBBOK. 


Station No. 286. 



o / // 

Latitude . 

• « • 

• • • 

25 4 55*944. 

Longitude . 

• i • 

• • • 

30 89 0*885. 

Height above M.S.L. 

■ • • 


7488*8 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lenrths of Lines 
inlbglisb Feet 

Verloren Vlei 

■ • t t 

• f 

71 

0 f 

68 7 12‘86 

6*8147888 

Thama Kooi^ 

• • 9 ■ 

9 m 

287 

128 0 26*21 

5*8762676 

Manoutsa . • 

mm • • 

m m 

288 

181 29 66-01 

6*3674112 

TafelKop(D.K.).. 

• • 19 

m m 

70 

868 80 38‘68 

6*8819180 


T£AMA E008H. 

Stonbion No. 287. 

... .. 
XiOn^xbudo ... ... ... 

Height above M.S.L. . 


o / // 


24 48 28*174. 
30 2 57*888. 
6880*0 feet. 


Station Observed. 

Station 

No. 

Asnmuths. 

Log Lengths of Lines 
in fin^iah Feet. 

Fortiwl . 

Iron Grown . . 

240 

O f II 

126 41 8*89 

6*6247612 

289 

172 86 8*86 

5*4249800 

Manoutsa. 

288 

248 82 46*70 

6*8618672 

Mount Anderson. 

286 

808 16 86*01 

6*8762676 

Verloren Vlei. 

71 

866 19 29*49 

5*8491011 


MANOUTSA. 


^adon No. 288. 


0 / 

// 

liSihihude ... ... ••• 

... 24 26 28*215. 

Longitude 

■ • a • • 

... 80 40 

6*278. 

Height above M.S.L. 

ft • 9 

... 5954*1 feet. 

Station Observed. 

Station 

No. 

Assunuths. 

Log Lengtiis of Lines 
inSnguBh Feet 

Mount A]iderson . • 

286 

O f ft 

1 29 27*89 

6*8674112 

Thama Eoosh . 

287 

68 17 19*46 

6*8618672 

Iron Grown . 

239 

128 87 42*16 

6*4614690 
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Final Ebsdlts— oontimed. 


mOTSf OROWN. 

Station No. 2S9. 

• ... ... .1 

Longitude. 

Height above M.S.L. 


0 111 

28 59 54-293. 

29 56 48-020. 
6968-5 feet. 


Statiou Observed. 

Station 

No. 

A ntbpL 

Log Lenrths of lineti 
in Bngliah Feet. 

Portugal. 

Schneirs Eop . 

240 

0 / n 

74 48 4-40 

6-8861465 . 

241 

180 88 20-80 

4-8680928 

Manoutsa. 

288 

808 66 28-07 

6-4614600 

Thama Kooub. 

287 

852 88 40-73 

6-4240600 


PORTUGAL. 

Station No. 240. 

Latitude . 

Longitude 
Height above M.S.L. 


0 / // 

24 10 18-996 

29 14 38-581. 
6578-2 feet 


Station Observed. 

station 

No. 

Atimntlm. 

Log Lengthy of liiieu 
in Bngiyi Feet. 

Matala • • . • . • . • . • 

242 

« » « 

160 44 81-79 

6-2110664 

SdhuelVs Eop. 

241 

240 7 67-82 

6-4849260 

Iron Crown . 

280 

266 6 16-66 

6-3861466 

Thama Eoosh. 

287 

807 1 8-66 

6-5247612 


SOHNBLL’B EOF. 

Station No. 241. 

Latitude . 

Longitude . 

Height above M.S.L. .. 


o / u 

28 47 50-004. 

29 57 0-285. 
6228*8 feet. 


Station Observed. 

Station 

Na 

Azimuths. 

Log Len^s of Lines 
inlnglish Feet 

Iron drown . 

289 

0 in 

0 68 16-86 

4-8689928 

Fortogal .. 

240 

60 60 44-64 

6-4849260 

Matala. 

242 

90 64 20-19 

6-4908502 

Loskop II • • . 

248 

118 86 61-02 

6-8722968 

Lejmna. 

248 

148 1 16-41 

6-6196814 
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Total Bibsdi/is— cominued . 


MATALA. 

StaU&n. No. 242. 

Latitude . 

Longitude . 

Height above M.S.L. 


o / // 

28 46 50*161. 

29 0 21*425. 
5813*5 ieet. 


Station Obaeryed. 

Station 

No. 

Azimatha. 

Log Lengths of lines 
in lUnglish Feet. 

Blaauwberir 



247 

0 ! 1/ 

178 42 80*80 

6-4116164 

Kameelkop 



244 

211 21 48*01 

6-1880967 

Loakop II • • 



248 

226 88 80-64 

6-1861681 

North End of Baee 

« • • 


24G 

286 0 8-49 

6-1289866 

Schnell’a Kop 

• ■ • I 


241 

271 17 11-20 

6-4908602 

South end of Base 

■ • • • 


246 

200 40 67-74 

4-9017746 

Portugal .. 



240 

880 60 20-11 

6-2119664 


X.08S0P 11 

Station No. 248. 

Latitude . 

Longitude ... ... 

Height above M. S.L. 


O / // 

28 *29 7*920. 

29 19 57*708. 
4678*7 feet. 


Station Obaeryed. 

station 

No. 

Azimuths. 

Log Lengths of Lines 
m English Feot. 

South end of Base . 

246 

0 ! » 

14 20 88-70 

6*1467886 

Matala. 

242 

46 80 88-98 

6-1861681 

Kameel Kop . 

244 

104 69 61-06 

4-6948877 

Bloauwberg . 

247 

142 28 17-18 

6-2784708 

Lejiiina. 

248 

100 67 24-00 

6-2828628 

Sohnell's Kop . • • • • 

North end of Base . 

241 

298 60 42-29 

6-8722968 

246 

868 27 41-46 

4-4767614 


EAMBBL SOP. 

Station No. 244. 

Xjatxtude ... ... ... . 

Longitude. 

Height above M.S.L. 


0 1 u 


28.27 26*890. 
29 18 9*578. 
8968*1 feet. 


Station Ubserred. 

Station 

No. 

Azimntha 

Log Lengths of Lines 
in English Feet, 

Matala. 

242 

0 r /> 

81 16 40-24 

6*1880967 

Loskop 11. 

248 

285 2 88-62 

4-6948877 

North end of Base . 

246 

816 67 69-90 

4-7466291 

South end of Bose . 

246 

868 48 46-61 

6-1686069 
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Bssui/ra— wniMwued, 


SOUTH SND OF HOUTS BITIDB BABB. 

Station No. 245. „ y 


Latitude . 

Longitude . 

Height above M.S.L. 


28 51 80-617. 

29 18 44-898. 
4658-4 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengthy of Liuey 
in ISngiiyli Foot. 

Miatala. 

242 

0 / n 

110 44 88-46 

4-9017746 

Elameel Eop . 

244 

178 48 81*64 

6*1686069 

Loskop n. 

248 

184 28 8-69 

6-1467886 

North end of Base . 

246 

108 86 62-09 

6-0469931 


NORTH END OF HOXTFS RIVER BASE. 

^csUon No. 246. „ , 


Latitude . 

Longitude . 

Height above M.S.L. 


28 84 4-122. 

29 20 6-388. 
8707-2 feet. 


Station Observed. 

Station 

No. 

1_ 

Azimuths. 

Log Lengthy of Liney 
in ISngliHli Feet 

South end of Baae . 


0 1 If 

18 88 18-49 

6-04699.81 

Matala. 


64 62 12-70 

6-12H9K66 

E^ameelkop . 

Loskqp El. . 

244 

186 66 18*68 

4-7466291 

248 

178 27 88-02 

4*4767614 


BLAAUWBERO. 


Station No. 247. 

ICifttitude ... . 

Longitude ... - .. 
Height above M.S.L. 


• • • • • • 

• ■ • • • • 

• • • • ■ • 


o / // 

28 4 14*495. 
28 59 19-155. 
6709-7 feet. 


Station Ohaerred. 

Station 

Na 

itimnthe. 

Log Lengths of lAuey 
in En^ish Feet 

Dwanberg . 

Pont . 

LejumA. 

Loskop n . 

Matala .. .. 

249 

260 

248 

248 

242 

0 1 tl 

189 46 8-04 

191 14 41-70 

268 84 8-40 

822 86 26-62 

868 42 66-06 

6-1741849 

6*4808186 

6-1784698 

6*2784798 

6-4116164 
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IbiTAL BiiEruLTS —cotUimued 


LXJUMA. 

Station No. 248. 

Latitade ... ... ... 

Longitude . 

Height above M.S.L. 


o / « 

28 1 26*809. 

29 25 45*104. 
5713*8 feet 


Station Observed. 

Station 

No. 

Azimuths. 

L<^ Lengths of Lines 
in English Feet. 

Loskop IL. 

248 

0 r n 

10 66 7*84 

6*2828628 

Blaanwberg . 

247 

88 28 47-60 

6*1784698 

Dwoisberg . 

24<,) 

111 81 20*18 

5*4208880 

Pont . 

260 

1 C2 10 12*80 

6*4682061 

Dogola. 

261 

197 21 49*17 

6*4677120 

Souiell’B Eop. 

241 

828 18 41*47 

5*6196814 


DWABSBSBG. 

Station No. 249. 

fjatitude ... ... ... .. 

Longitude. 

Height above M.S.L. 


o / // 

22 45 28*792. 
28 42 8*677. 
3541*4 feet 


Stalaon Observed. 

station 

No. 

Azimuths. 

Log Lengths of lanes 

1 in English Feet 

Pout . 

H 

0 1 n 

220 29 61*28 

6*8800622 

Lejuma. 


291 48 17*91 

6*4208860 

Blaauwberg . 

■■ 

819 62 49*25 

6*1741849 


PONT. 

Station No. 250. 

Latitude . 

Longitude . 

Height above M.S.L. 


oil! 

22 15 13*513. 
29 9 47*191. 
2072*5 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in En^h Feet 

Blaauwberg . 

■ 

0 / n 

11 10 89*70 

6*4808186 

Dwaraberg . 


40 19 16*44 

5*8800622 

Dogola. 


269 68 12*16 

5*2494886 

Lejuma. 

248 

.842 16 21*08 

5*4682061 
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Fdtaii SjBSin/na— coniimied. 


DOGOLA. 

Station No. 251. 

lifttitucLo ... ... ... 

Longitude . 

Height above M.S.L. 


o / // 

22 15 9*539. 

29 41 17*683. 
2910*3 feet. 


Station ObserTed. 

Station 

No. 

i 

Aziiaaths. 

Log Len^ba of Linea 
ui En^isb Feet 



0 t II 


Lejnmii ., . 

248 

17 16 60-20 

6-4677129 

Pont . 

260 

fit 40 10-2,8 

6-24943R6 


DABPOOBT. 


Station No. 252. 
Latitude 


0 111 
25 43 50*338. 


Longitude 

Height above M.S.L. 


28 5 49*500, 

4889*6 feet. 


Station Observed. 

station 

Na 

Azimotba. 

Log Lengtha of Luies 
in Engliah Feet 

Cable Hill . 

84 

0 1 II 

288 86 88-07 

4-4426029 

Meintjea Eop. 

264 

274 2 60-91 

4-6967907 

Mnckleneiik 

268 

290 18 17-44 

4-6022402 

Elapper Kop . 

Zwaitkop III . 

257 

296 42 17-85 

4-G140109 

268 

842 41 41-96 

4-6!5,'»7,')21 


MUCELBMXnE. 

Station No. 253. 

Latitude . 

Xjongitude ... ... ... .■ 

Height above M.S.L. 


o / u 

25 45 55*648. 
28 12 3*878. 

4739*8 feet. 
4748*6 „ * 


StatLon Obserred. 

Station 

No. 

Azunutha. 

Log Lengths of Lines 
in English Feet 

Daapooit .. . 

262 

• I II 

110 16 84-80 

4-6622402 

Cable, Hill. 

84 

168 88 7-86 

4-4686922 

Meinijea Kop. 

264 

207 16 82-64 

4-0461296 

Eoedoei^oort 

266 

240 8 8-00 

4-8861662 

Camp . 

256 

276 19 7 -16 

4-1622797 


* By Gfeodelic Leveling. 
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Final Abbults— contmued. 


MBlNTJnS EOF. 

Station No. 254. 

... ... ... .. 

Longitude . 

Height above M.S.L. . 


o / // 

25 44 17*726. 
28 12 59-577. 
4722-4 feet. 


Station Obeerved. 

Station 

No. 

Azunaths. 

Log Lengths oi Lines 
in En^ish Feet. 

Muoklenenk . 

268 

• 1 It 

27 16 8-44 

4-0461296 

Dasponrt .. ,. .. .. 

262 

93 69 44-17 

4-6967966 

Oable imi . 

84 

187 87 88-60 

4-8670816 

Koedoespoort. 

266 

266 4 4-26 

4-1876297 

Oamp . 

266 

820 60 60-04 

4-1706208 


EOSDOESPOORT. 

Siatioh No. 255. 

X^atitude ... ... ... ... 

Longitude . 

Height above M.S.L. . 


o / // 

25 44 8*879. 

28 15 29*849. 
4477-1 feet. 


Station Observed. 

Station 

No. 

Atimutha 

Log Lengths of Lines 
in English Feet. 

Camp . 

266 

0 I It 

19 16 41-31 

4-1198676 

JVluckloiiouk 

263 

60 1 39-88 

4-8861662 

Meintic^ Kon. 

264 

86 2 69-22 

4-1876297 

Gable Hill . 

84 

118 .66 7-08 

4-6261660 


OAMP. 

Station No. 256. 

•Latitude ... ... ... 

Longitude . 

Height above M.S.L. 


o / // 

25 4G 11*464. 
28 14 41-851. 
4689*6 feeh 


Station Observed. 

Station 

No. 

Azimuths. 

Log LenMhs of Lines 
in English Feet. 

Muoklenenk . 

263 

0 f n 

96 17 58-47 

4-1622797 

Cable Hill . 

84 

138 61 57-18 

4-5806689 

Meintjes £op. 

264 

140 60 6-60 

4-1706201 

Koedoespoort. 

266 

199 16 1-96 

4-1198676 
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ItariJi Rhbximb — oontimed. 


ELAPPER EOP. 

Station No. 25/. 

Latitude . 

Longitude . 

Height above M.S.L. . 


0 4 0 

25 46 46-828. 
28 12 34-7/0. 
5054-8 feet. 


Station Observed 

Station 

No. 

Assimntbs. 

Log Lengths of Lines 
in En^ish Feet 

Zwartkop III. 

368 

0 1 II 

67 64 86-78 

4-4926988 

Daspoort. 

262 

116 89 21-76 

4-6140169 

Cable Hill . 

84 

167 24 19-76 

4-6482646 

Irene . 

269 

842 26 18*77 

4-6867964 


ZWABTEOP m. 

Station No. 258. 

Latitude . 

Longitude . 

Height above W.S.L. . 


o / 44 


25 49 30-888. 
28 / 46-538. 
5038-8 feet. 


Station Observed. 

Station 

Ho. 

Azimuths. 

Log Lengths of Lines 
in En^ish Feet 

Oaepoort. 

252 

0 / It 

162 40 61-06 

4-6667621 

Klapper Kop . 

267 

237 66 42-19 

4-4926988 

Irene . 

269 

298 68 1-76 

4-6089979 

Brakfontem . 

260 

341 22 86-78 

4-6687191 


IRBEB. 

Station No. 259. 

Latitude . 

Longitude . 

Height above M.S.L. 


O / 44 

25 52 11-846. 
28 14 28-4/0. 
5135-1 feet. 


Station Observed 

Station 

Na 

Azimuths. 

Log Lengths of lanes 
in English Feet 

Oliphantsfontein. 

261 

0 1 n 

0 7 86 68 

4-4970880 

Brakfonteiu . 

260 

62 64 19-49 

4-4988469 

Zwartkop III . 

268 

118 65 6-68 

4-6089979 

Elapper Kop . 

267 

162 26 24-24 

4-6867964 
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Final Eissux/ra — ootUtniied. 


BRAEFONTEIN. 

Station No. 2G0. 

li&ijl tud© ... a*. *. 

Longitude . 

Height above M.S.L. . 


o / // 

25 55 18-032. 
28 9 56-102. 
5284-4 feet. 


StatioQ Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet. 

Witpoort .. 



268 

0 t II 

69 0 45-09 

4-6847506 

Zwartkop III 

. ■ . • 


268 

161 21 89-24 

4-6687191 

Irene 

• • • • 


259 

282 56 18-44 

4-4988469 

Oliphantsfontoin 

■ • »* 


261 

296 58 24-82 

4*4448270 

Klipfonteiu 

.. 


262 

866 85 40-07 

4-6903127 


OLIPHAHTBFONTEIN. 


Station, No. 261. 

Latitude 

Longitude 

Height above M.S.L. 


o / // 

25 57 22-988. 
28 14 27-708. 
5055-1 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Ijengths of Linos 
in English Feet 



0 1 II \ 


Elipfoutein . 

262 

81 2 27*12 

4-6272845 

Brs^oiitoln . 

260 

116 56 26-02 

4-4448270 

Irene . 

259 

180 7 86-86 

4*4970880 


KLIPFONTEIN. 

Station No. 262. 

Latitude . 

Longitude. 

Height above M.S.L. 


o / // 

26 8 22-641. 
28 10 28-026. 
5522-7 feet. 


Station Obsei^ved. 

Station 

No, 

Azimuths. 

Log Len^hs of Lines 
in En^ish Feet. 



o / n 


Genniston.. .. . 

265 

11 0 80-17 

4-6797802 

Observatory Hill (Johannesburg) 

96 

34 86 48-21 

4-7506204 

Driefonteiu . 

264 

91 24 18-55 

4-6697873 

Witpoort ,. . 

268 

184 6 18-39 

4-6627812 

BraMontein . 

260 

176 35 26-08 

4-C908127 

Oliphantsfoutdu. 

2 G1 

211 4 12-21 

4-6272846 


2 F 


(14181) 
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BbafAL Easui/ra— m\ibiinmd. 


WITFOOBT. 

Staiion No. 268. 

Latitude . 

Longitude . 

Height above M.S.L. ... 


o / // 

25 58 12*628. 
28 4 34*326. 
5045*2 feet. 


Station OlMerved. 

Station 

No. 

Azimaths. 

Log' Lengths of Lines 
in English Feet. 

Driefontein . 

^^9 

O f V 

26 39 58*18 

4*6241062 

Brakfontain . 


280 8 6-87 

4*6847606 

Opfontein . 


814 8 48*51 

4*6627812 


DBIEFONTBIN. 

Station No. 264. 

Latitude . 

Longitude. 

Height above M.S.L. . 


o / // 

26 3 11*034 
28 1 55*587 
5164*1 feet. 


Station Observed. 

Station 

No. 

Aziimitha 

Log Lengths of Lines 
in English Feet. 

Witpoort. 

268 

0 f « 

206 41 2*80 

4*6241062 

Kliisontein . 

262 

271 28 8*68 

4*6697878 

Germiston. 

266 

822 2 46*84 

4*7867188 

Observatory Hill (Johannesburg) 

96 

842 48 42*88 

4*6966281 


OEBUIBTON. 

Station No. 265. 

Latitude . 

Longitude. 

Height above M.S.L. 


o ! u 
26 11 7*693 
28 8 47*764 
5855*7 feet. 


Station Obsei'ved. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
in English Feet. 

Elipriviarsbe^. 

Observatory Hill (Johannesburg) 

Driefontem . 

Elipfontem . 

F6 Beacon.. 

267 

96 

264 

262 

266 

0 1 »/ 

87 10 28*16 

91 81 68*43 

141 69 48*88 

191 1 14*81 

846 60 86*98 

4*6860658 

4*8691274 

4*7867188 

4*6797862 

4*8826612 
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Final BBauLTS — concluded. 


F6 BEACON. 

Station No. 266. 

JEifli'fciijizdo ... ... ... 

• Longitude. 

Height above M.S.L. 


o / // 

26 14 86-155 
28 9 41-535 
5502-5 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Lines 
m English Feet 

Eliprivierabeinf. 

Observatory nill (Jobanneaburg) 
Germiston.. 

267 

96 

266 

0 t n 

70 62 6-88 

127 49 46-06 

166 60 12-22 

4-4747698 

4-5468072 

4-8826612 


ELlFBlVIEBSBEBa. 

Station No. 267. 

Xjatitude ... ... ... ... 

Longitude . 

Height above M.S.L. . 


0 / // 

26 16 11-892 

28 4 31-866 
5939-7 feet. 


Station Observed. 

Station 

No. 

Azimuths. 

Log Lengths of Linos 
in En^ish Feet 

Observatoiy mil (Johannesburg) 
Germiston.. .. • • 

96 

o t 1/ 

180 60 18-26 

4-4960190 

266 

217 12 21*24 

4- 6860668 

P6 Beacon. 

266 

250 64 42-88 

4-4747698 


End. 


(14181) 


2 F 2 
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INDEX 


NOTE ON ALPHABETICAL INDEX TO STATIONS. 


Column 1 .—Gives the Names of Stations in alphabetical ordei*. 

„ 2,—Gives the reference numbers of Stations. 

„ 3.—Gives a letter indicating the Survey in which the Station was 

observed. 

“G” denotes that the point occurs in the Geodetic Sxirvey oi 
Cape Colony and Natal. 

“ T ” denotes that the point occurs in the present Trigononi(‘trical 
Survey. 

Stations at which Astronomical observations of Ijatitiido, 
Longitude, and Azimuth were made are denot<‘.d by 
X, a, respectively. 

,, 4. —Gives the pages in which the Horizontal Angles oljsevvod nt the 

Station occur, the con-ections applicable to the ObHorvcMl 
Angles, and the finally adjusted angles. 

„ 5.— Gives the page-reference for the Astronomical observations. 

„ 6 .—Gives the page-reference for the final Eesults at the Station for 

Latitude, Longitude, Azimuth, Logarithms of the Lengths 
of the Sides, and Height of Mean Sea Level. 

„ 7.—Gives the references necessary for following the discussion of the 

adjustment of Angles. 

The Roman numerals I. to XXVIL denote the figural Equations 

(pages 107 to 125) which occur in the adjustment of the 
complex figures. 

»C” denotes that the Station occurs in the adjustment of 
Circuits. (Pages 125 to 144). 

The ^m»n Bumerele XVx. to XKa. denote the Non-Oirouit 
Equations. (Pages 148 to 150.) 
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PLATE 



BEFSOUD THBODOETTE (XBAB MBW). JDITTO (OTHEB BIDE). 





PLATE II. 



BEF80L3> IHSOBOIJTB 02r ITB VGKTKBIS STASD, ^ SITIO (OTHXS BTDE). 








PLATE III. 



i. XEVBLlJ3r& nrBTKimiSOT oh ITB TRIVOl*. 












PLATE IV. 




7. LKBTAUMHNr (nBAB Vmw). 



8. DITTO (OTUBH BIDH). 



















PLATE 


> 



10. TBA^rSFERBITTG- APF.MtATTfl. 










PLATE VI 



IL tniET VHECL OF saKATN’ZX'G POLE. 





PLATE VII. 



13 TBIPOD OF JABKBiy BASE APPAHATTS. 



















PLATE VIII. 



16. BBmiS TOR CONCRETE RRXCOSS. 









PLATE IX. 



18. JfOLWWINtt TBBUIKAI of JJJJBBIH fflBK, WITU OflBBBVaBtf. 













PLATE X. 



20 . llKl'riOLD TllKODOLlTK ON C’ONOllKTU PILLAH IN HUT, HHOWINO AKRANOBMKNT Ob HULLtHeVK LANTiCltNB NOB 

ASTHONOMIOAL OBBKBVATIONB. 











PLATE XI 



22 . BTAKDAHDTBSn POR LRTRLT.1KO STATM. 
































PLATE XII. 



24 )< DITTO ({)TnRU bidb). 












PLATE XIII 



2(J. TBUMlirAL O? HTAin>AUT)IHHll OB TiWYKIiLINd HTAYRfl, WTTHRR BRAflB ANB 
HTHRIi RODR ITAYM FRBR MXTANH30N OR UONTIUOTTOK. 











PLATE XIV 














2H. “tumnic” MKmoHroPH op htakdaudiubh in pohition. 







PLATE XV 



20. INBTJtUMMNTAL DBTAlJiH OP JAUKIUN APJ'AKATUfl. 








PLATE XVI. 



80. I»lI()TO(Jl?Al»n OF TirM HirRVKY HTAFF. 


Staudiijg (from Toil)—MoHsra. W. A. Guminor, A. Ooolinmo, H!. IF. ITioiLh, S. H. Morg(‘iiroo(1. 
Sitting ^from loft)—Mr. W. B. KobiiiHoii, Ool. W. Gt, Morris,P. 0. Morgoiirood. 











